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PREFACE. 


1 Fi T being an uſual Complaint with thoſe 
I whoare unacquainted with Geometry, 
that they are diſcouraged by the Mathe- 
x matical Demonſtratioms, from peruſing 
Boots of Natural Philoſophy; 1 4p. 
prebended that ſome Papers I had drawn 
up for the Uſe of my Pupils in the 
Univerſity, would not be altogether un- 
acceptable, if publiſhed in ſuch Form, 
that the Propoſitions, or Subſtance of 
the Book, might be read without Inter- 
ruption frem the Mathematical Demon- 
trations. And therefore after a large 
Explanation, and ſometimes an 1 2 
tration alſo, of the Particulars, as oc- 
cafion ſeemed moſt to require, I have | 
_ endeavoured to ſbeu the Truth of them, i 
in a familiar and popular Manner, 
without Geometry, by way of Text: 
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1 PREFACE 
And f the ſake of thoſe who are 22 
led in Geometry, have added the De- 
monſtrations, with ſome occafional Re- 
marks, by way of Notes. And whereas 
the Writers on this Subjecl have appro- 
priated to themſelves a Stile too techni- 
cal for Beginners, 1 have, in hopes of 
being more eaſily under flood, ſometimes 7 
choſe a different Method of Expreſſion, x 
ad e ot oc accurate. 


1 7 the Icke er fo 11. e Pas | 
* orice is taken of the Method of Philo 
ſophiſing made-Uſe of by Des Cartes, 
and others before him, FA far as the 

N Defign of this Compendium required. 

| T fhall add here a. few Confiderations 

: . relating to the Method which prevails 
tab at this Time. 

i In tbe ons Method of Philojop hi- 

„ fino, all Matter is confidered (with reſ- 

peet to its Subſtance) as homogeneous, 
ar of the ſame Kind; and no other Caufe 
or e of Ali, in Matter is al. 
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lowed of, but what is well efabliſhed by 
Fa.. 


Some Philyopbers a Elementary 
Fire, as they call it, among their Prin- 


ciples; or which comes to the ſame thing, 


they confider Fire as endowed with ac- 


rive Powers aiftinet from thoſe of other 


Matter. Keill, in his Letter to Dr. 


Cockburn, De Legibus Attractionis, 
aliiſque Phyſices Principiis, —_ uſe 


of three Principles, vir. r. Empty 


Space. 2. The infinite Diviſbilicy of 
Quantity. 3. The Attraction of Mat- 
ter. And affirms, that . all Phy ſics 
_—_ thereon. 
De firſt of his Principles * in 
may perhaps think ridiculous; but he 
may confider, that at that time of Day, 
the Motion of a Plenum was not wholly. 


exploded : The laying down Empty Space 


as a firſt Principle, was only calling 


out for Elbow-Room and a clear Stage 


But not to trouble the Reader 


with what others have done, 1 have 
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choſen and every where fuck to three; 


and as oft as a Phænomenon occurred, 


which. could not account for by them, 


¶ have given it up as a Difficulty; not 
deſpairing, but that when all the Cir- 
cumftances of the Phenomenon ſhall be 
thoroughly known, they alone may be 
found ſufficient. It ſeems not conſe 700 
with the Regard a Philoſopher ſhould 
have to the Uniformity of Wature, eve⸗ 
ry where obſervable, to call in a New 
Principle at every knotty Point. . 
which I make uſe of are, 

Toy rſt, Attraction of G 
That is, a Diſpoſition in Bodies to move 


towards each other, even when at great 


Diftances aſunder. 
Secondly, Attraction 8 G 


Tat is, a tals Diſpoſition in Bodies to 


mode towards each other, but di Hinbt 


„rom the former, in as much as it is 


obſerved to take Place only when the 
Bodies are very near together. 


Thirdly, —— or a Diſpoſition 


in 


* >» * 
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in Bodies, whereby in ſome Caſes they 
' endeavour to avoid, or fy from each 
other. | 


Y The fr of theſe it Matter of dai 
* Obſervation. Thus, a Ball let go Sri 
IJ the Hand falls 10 the Ground. 


The ſecond may be ſeen in the follow 


9 ing Inflance. A ſmall Portion of a 


Fluid formsitſelf into a Sphere or Drop: 


Which can only happen from a Diſpofi- 
tion in the Particles of which it conſiſts, 
70 come as near as poſſible to each other, 

An inſtance of the third is this. If 


i Air incloſed in a Bladder, be [queeg'd 


into a leſs Compaſs, the Air within, when 
the Preſſure is taken off, reſtores the 


Bladder to its former Size: A plain In- 


dication that the Particles of which the 
Air confifts, endeavour to avoid or fly 


| '1 from each other (a). 


Theſe Diſpoſitions in Bodies are not 


3 the Reſult of any Mechanical Cauſe 
Mt (a) See another Inſtance of this Diſpoſe ition, in Part III. 
3 P age 161. Note m of this Compendium. 


whatever; 


vi PN E FA G E. 
"whatever; that. is, ſuch as may ariſe 
from the Effluvia of Bodies, or the Ac- 
tion of any other material Subſtance (b): 
They are therafors the Act of an imma- 
terial Cauſe, in Virtue. of which 1nac- 
tive Matter ene e the en Jo 
which it Was 0 es N 


F rom 


(b) R In the 7 Place it is well _ 
that if Gravity ats upon Bodies with the ſame | Degree 
of Intenſeneſs, whether they be in Motion or at Reſt ; it 
may be demonſtrated that Bodies, when projected, will de- 


fecribe Parabola's; and that when vibrating in Cycloids, 


their Vibrations ꝛbill be iſocronous, c. In the next. Place 
it is as well known, that Bodies when projected do deſcribe 


Parabola's, and that when vibrating in Cycloids, their 


Vibrations are iſocronous, &c. From which two Propo- 


ſitions it demonſtratively follows, that if Gravity be the 


cauſe of the abovementioned Effects, it muſt act upon Bo- 
dies with the fame For ce, whether they be in Motion ar. at 


Reps. . 


Again, it is wel 3 that P; Attraction os Cohe- 


fion abs upon Rays of Light, with the Fn Degree of 


Tntenfeneſs, whatever be the Velocity they move with; 
it may be demonſtrated, that i Ratio 0 * the Sine of the 
Angle of Incidence to the Sine of the Angle of Refratt- 
ion, will be given. But in Refrattion of "Light, the 
Ratio of thoſe Sines is given in Fatt; if therefore At- 


traction of Coheſion be the Cauſe of the Refrattion of 
Light, it muſt att upon Rays of Light with the ſame In- 


tenſneſs, whatever Velocity they move with. 
But no Effluvia of Bodies, no material Subſtance, and 
in in Hort n9 material Cauſe whatever, © can act with the 
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EN EFF ACE; vii 

From the firſt and third Principle (o), 
together with the Properties of Matter 
enumerated in the firſt Chapter of this 
Compendium, which Properties muſt 
be always underſtood, the Elaſticity or 
Spring of the Air, and from thence the 
Mature and Propagation of Sound are 
accounted. for. And from the Spring 


of the Air conſidered as being augment- 


ed by Heat, and diminiſhed by Cold, as 


1 Intenſeneſs, or have the ſame Effect upon a Body i "Ip 
Motion, as upon the ſame Body at Reſt; becauſe as it is 

very well known to Mathematicians, to whom 1 addreſs this 
Note, Body can only aft upon Body, according to the Sum 
or Difference of their Motions. It remains therefore, that 


the two Diſpe/i tions herein mentioned, are not the Reſult 4 
any material Cauſe whatever: Which is one Part of t 


Propoſition to be demonſtrated. _ 

As to the other Diſpoſition in Bodies, FR . 
fince Rays of Light are alſo affected by it, as it appears they 
are by an Experiment of Sir Iſaac Newton's, referred to in the 
foregoing Note, it may very reaſonably be ſuppoſed, though 
we don't at preſent know the erde! Law of its Action, to 
ect Bodies in Motion after the ſame Manner that it 


would do the ſame at Reſt , aud that it therefore is 28 the 


Reſult of no material Cauſe whatever. 
(e) The Law or Manner wherein theſe . are 
obſerved to act in different Circumſtances, are determined 


from Fats, in Part I. Chap. 3. The Law of the third, 


o far as it relates to the Air, will be T9006 in Part II, 
Chap. 3. of this Compendium, 


77 
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it is obſerved to be, and the Air's being 
at the ſame time alfected by the fi fi 
Principle, the Phznomena of the Winds 
are explained. By the ſecond Principle, 
the Cohefim. of Matter, the various 
Degrees of Hardneſs obſervable in it, 
the Diſſolution of Bodies by Fluids, 
with other chemical e ; and in 
particular the Phenomena of Fermen- 


zation, and conſequently the Cauſes of 
Thunder and Lightning, &c. By this 


Principle alſo the riſing of Fluids in 


ſimall Tubes, and from thence the aſcent 


of Sap in Vegetables are accounted for; 
all which Particulars, except the two 
firſt, are treated of in the ſecond Part 


of this Compendium: as alſo the Re- 
 frattion of Light, and conſequently all 


that Train of Phænomena depending 


thereon, which is the Subjef? of the 
third Part. By the firſt Principle, the 


ſeveral e e relating to falling 


Boaies, and to the Motion of Projec- 
tiles, together with the Doctrine of 
Pendulums, 
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Pendulums, (treated of in the fir ſt) and 


likewiſe all thoſe which relate to the 
Preſſure of, Fluids, (treated of in the 


ſecond Part) are determined. And above 


all is deduced that moſt curious Doctrine 
of central Forces, juft touched upon in 


the fir ſt, but largely and fully explained 


in the fourth Part, by which (aſſuming 


that the heavenly Bodies were at firſt 


put into Motion by their Creator) we 
are enabled to aſſign the Cauſe of the 
3 Continuation thereof, with all its Mo- 


al fications and Irregularities; to deter- 
mine the neceſſary Shape of thoſe Bo- 


dies; and to account for the ebbing and 


| fowing of the Sea, &c. Difficulties, 


too great ſeemingly for human Reaſon 
to ſurmount | 
Some of the Phenomena which I have 


not beenable to givea ſatisfafory Account 


of, from the abovementioned Principles, 


are the Reflection of Light, its Emiſ- 


1 Jon from luminous Balla, and the For- 


nation and Aſcent of J. r. This 
4 may 


by 
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may be is only owing to the want 


, better Acquaintance with the Cir- 
cumſtances of thoſe Phenomena ; that 


is, more ſufficient Data, or Facts to 


found their Solution upon: So that we 


are not to conclude immediately, that 
zhe Principles are inſufficient; but ra- 
ther to wait with Patience: The Dili- 
gence of others may render that eaſy, 
which our utmoſt Efforts at preſent are 


mot able zo ſur mount. 


7 Towever, as a Reader unacquainted =_ 
with Studies of this Kind, may wonder 


that ſo many of the Phenomena or Aþ- 


pearances of Mature, ſhould be account 


ed for by fo few P rinciples; and becauſe 


it may be a Means of giving him ſome 


Inſight into the Subject of theſe Sheets, 
I will here lay down the following Pro- 
poſitions, which are immediately dedu- 


cible from the Principles, and lo near- 
2 connected 2 the Phenomena 20 
be accounted r them; by means of 


which, 
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which, he will more readily perceive the 
Connection or Relation between the one 
and the other. 


Pkoros1iTion I. 


Matter being an unadtive Subſtance, 


| is utterly incapable of putting itlelf in- 


to Motion in any Direction whatever; 


and will therefore in all Caſes move, 


or endeavour to move in that Direct- 


ion only, in which it is urged with the 
greateſt Force. | 


Hence we have the true Idea of the 


| Gravity | or WW eight of Bodies belong- 
ing to the Earth. Bodies are, here, 


by Virtue of the firſt Principle, attrac- 
ted towards the Sun, the Moon, the reſt 
of the Planets, and the Earth; but to- 
wards this laſt, more ſtrongly than to- 
wards any of the reſt; and ſo they tend, 


gravitate, or are heavy towards that. 


The IL they are attrafted more 


a 2 forcibly 
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forcibly towards the Earth, than towards 
thoſe other Bodies, is, that although it 


be one of the Laws of the firſt Princi- 


ple, that it operates according to the 


Quantity of Matter in Bodies, and 
therefore the Attrattion of the Sun 
ſhould be the moſt prevalent, in as much 
as that Body contains the moſt Matter ; 
yet it is another Law of that Principle 
or Diſpoſition, that it acts more Arong- 
ty according to the nearneſo of Bodies to 
each other: This latter Conſideration in 


the preſent Caſe, overbalances the for- q 


mer; and ſo the Bodies about us tend 
towards the Earth. 


Eon; 4 ow il 


If a large round Body be covered 


| every where with ſmaller ones to an 
equal Height or Diſtance from its Sur- 


face; and if thoſe ſmaller ones tend 


towards the large Body, by virtue of 
the firſt Principle, and are, at the ame | 
time, 


[o 
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PREFACE. xiiĩ 
time, diſpoſed to fly from each other 
by virtue of the third; and ſuppoſing 
farther, that when they touch or are 
very near each other, their Diſpoſition 
to avoid each other exceeds he Ten- 
dency to the large Body, and when 
they are at a certain greater Diſtance 
from each other, that Diſpoſition is 


"leſs than their Tendency to the large 


Body: Then will thoſe ſmaller Bodies 


keep at certain Diſtances from each 


other, and conſtitute an elaſtic, com- 


pre ſſi ble Subſtance ſurrounding that 


large Body, gravitating towards it on 


all Sides, 


Hence an Idea of the Nature and 
Condition of the Atmoſj phere ſurroumd- 
ing the Earth, with all its Properties. 

N. B. When I ſay a Body tends 10 


another, I don't mean that it moves to- 
wards it, but only that it would move 


towards it, if nothing prevented. Thus, 


a Bi rd while mounting aloft into the 


Air, 


xiv PREFACE. 


Air, tends towards the Earth, as much 
as one that is falling down; for the one 


would fall as well as the oben, if no- 


thing prevented. 


PR OP os ITIO u M. 


If, Gb the abovementioned ſmal- 


ler Bodies are in the State ſuppoſed in 


the foregoing Propoſition, any one, or 


more of them, be made to move, (ſup- 


poſe for Inſtance half way) towards the 


next, it will by virtue of the third 
Diſpoſition, drive or impel thoſe it 
comes nearer to, cloſer together; which 

Bodies, when that other moves back 


again (as it will immediately do, 
being repelled by them) will re- 
cede from each other again: That 


is, a kind of tremulous Motion will be 


- communicated to them by that other, 
and for the like Reaſon, by them to the 


next; and ſo on through the whole, 
or at leaſt to a great Diſtance from 


where it began. Hence 


0 
1 
85 


2 


FEREFAGCE xy 


Hence we may form an Idea how 
Sound 7s excited by the Tremors of a 
Body during its V. tbration, and propa- 
gated n the Air. 


PRO TY OSIT TON IV. 


3 One of the Laws by which the ſe⸗ 


cond Principle is obſerved to act, is, 
that Bodies act upon one another, not 
in Proportion to the Quantity of Mat- 
ter they contain, as by the firſt Princi- 
ple; but only according to the Breadth 
pf their Surfaces, and the nearneſs of 
bhe Surface of one Body to that of ano- 
ſbber. | 
4 From hence we may underſtand, 
1 that ſuch Particles of Bodies as are 
at or ſquare, and ſo ſituated among 
each other as to touch, or be very near 
one another in many Points, will con- 
Aan, what we call an hard Body, 
- 


10 xvi PREFACE. 9 
1699 and thoſe Particles which are more” tl 
round, or ſo fituated that leſs Portions | b 
of their Surfaces are near together, tl 
will attract one another with a leſs | b 
Force, and ſo form à ſofter Body; a 
thoſe which are round, or nearly ſo, t 
will attract one another flill leſs, "ad 


alſo ſlide more eafily over one another, 
and ſo form what we call a fluid __y | 


 Prorosrm ron V. 


1 


| When two Bodies meet 3 if 
the Particles which conſtitute-the one, 
be diſpoſed, by Virtue of the ſecond. 
Principle, to move towards thoſe of the 
other with a greater Degree of Force, 
than the Particles of either Body are 
diſpoſed to move towards themſelves; 
| thoſe of the firſt will leave it, and run 
in among thoſe of the ſecond: And for © 
the ſame Reaſon, thoſe of the ſecond 
will ſever from that, leave it and enter 
in between theſe of the fuſt, And if 
the 
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FREFACE wi 
the Motion with which this is done, 


be very violent, and the Bodies be of 


the inflammable Kind, their Particles 


by thus rubbing and claſhing one againſt 


another, will be ſufficiently heated to 


take Fire, and will burſt out into Flame. 


Hence Diſſolutions, Fermentations, 
Exploſions, Eruptions of Vulcano's, 


Thunder, Lightning, Aurora Borealis. 
With all other Phænomena of that 
Tribe. 


P VVV 


II a Pipe, open at both Ends, and 


of a very ſmall Bore, have one End 


dipped into Water, the Water will run 
up into the Pipe above the Surface of 
the Water on the outſide (being drawn 


up by the Tendency it has by th 


ſecond Principle to that Part of the 
inner Surface of the Pipe, which is 


Juſt above it, as it riſes) till that inner 
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xii P R E F A C E. | 
Surface which is ſtill juſt 61 it, be 


loaded with as great a Weight of 


at as that — can ſupport. 


Hence a right Motion of the Aſcent 


of Sap in Vegetables; the Suction of 


Fluids by Spunges: Witb all other 


Phænomena reducible to that Head. 
PRO TOSITION VII. 


If a Body moving right forwards, 


but obliquely with reſpect to the 
Surface of another Body, at length 
comes ſo near that Body, as to be di 
poſed by the ſecond Principle to tend 
towards it; inſtead of continuing to 
go right on, it will turn out of its Way 5 I 


towards that Body, before it comes at 
it; and conſequently will ſtrike or en- 


ter it in a nearer Place, and in a leſs 
_ oblique Direction, than it would have 
done, in caſe it had gone right on. If 
it enters the ys it ſtill Keeps turning 1 


out 
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PRE F A C E. xix 
out of its Courſe the ſame Way as be- 


fore, till it has got ſo far within it, that 


there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
as there are before it near enough to 
attract it forwards: After which it goes 


right on 1n, its laſt acquired Direction, 
till it comes near the other Side; for 


while it is ſurrounded with as many 
Particles to attract it one way as 
another, it is the ſame thing as if it 


were not attracted at all. When it has 


got ſo near the other Side, that there 


are fewer Particles before it to attract it 
forwards, than there are behind it, near 
enough to attract it backwards, it then 

begins to turn out of its Courſe towards 


the inſide of the Body; that is, from that 
Side of the Body towards which it is 
going; and continues to bend its Courſe 
the ſame Way, till it has got ſo far 
out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attract it any more. 

b 2 -. mar 
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After which it purſues an undiſturbed 


Courſe in the Direction it acquired laſt 


of all. 


Hence we have a juſt Idea of the 


Refraction of Light with all the Phæ- 


nomena ariſing therefrom; which are 
no other than ſo many Caſes of this 
Propoſition. 


WF 


PxoPOSITION VIII. 


If ſeveral Bodies be moving right for- 


wards, and at length be attracted by 
another Body, as ſuppoſed in the fore- 
going Propoſition, but ſome with 
greater Pegrecs of Force or Intenſeneſs, 
than e thoſe which are attracted 
with the greateſt Force, wilkturn the 


fartheſt out of their Way towards that 1 


Body; and conſequently if all of them, 


before this happened, were moving in 


one Direction, they will be made to 
part from each other, and move dif- 
ferent Ways. 


* 
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Hence an Idea of the different Re- 
frangibility of the Rays of Light. 
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Ita Body be made to move from 
another Body, towards which by the firſt 
Principle it tends, its Motion will be 
tretarded continually ; that is, it will 
move flower and ſlower: If it moves 
towards that Body, its Motion will be 
Continually increaſed; and unleſs it be 
made to move directly to or from it, 
its Courſe will always keep bending 
towards it, ſo that it {hall deſcribe a 
Curve, concave, or hollow, on the 


Side next the Body. 


* 3 
r 


1 * Shoes all the Phænomena of falling 


1 Bodies, and of — 
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xxii PREFACE 
PROPOSITION X. 


If a Body, that by the firſt Princi- 
ple tends towards another Body, moves 
towards it on the Surface of an incli- 
ned Plane, its Motion (as in the fore- 
going Propoſition) will be continually 
increaſed; and if it moves from it on 
the ſame Plane, its Motion will be re- 
tarded continually, but leſs in Propor- 
tion to the Obliquity of the Plane: 
(that is, leſs in Proportion as the Plane 
deviates from the Perpendicular) the In- 
terpoſition of the Plane preventing in 
ſome Meaſure the Effect its Tendency 
to the other Body, would otherwiſe pro- 
duce. And the Velocity it acquires by 
rolling down one Plane, will by virtue 
of its Inactivity, or that Diſpoſition 
Bodies have to continue their State of 
Motion or Reſt, inable it to roll up 
another itly diſpoſed. 


Mins 
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Hence the Solution of the Phæno- 
mena of Bodies deſcending on inclin- 
ed Planes, and the Vibration of Pen- 
dulums. 
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PR O POSITION XI. 


If a Body acted upon by the firſt 


Principle, move to or from another 


Body with a competent Degree of Ob- 
Rauky and Velocity, it will move quite 


round the other Body without touching 


it at all, returning to the Place from 
whence it ſet out: In which Caſe it 
will revolve round it over and over 
again in the ſame Path; for being in- 

different either to Motion or Reſt, and 
meeting nothing to take off from, or 


diminiſh its Motion, it will have the 
ſame Tendency to move on after any 
one Revolution, as it had at firſt. 


Fron 


xr PREFACE. 


From hence we have the Solution of 

the Motion of the primary Plancts 
round the Sun, and of the ſecondary 
ones round the Primary. 


P R O s 1.T:10-N XII. 


If a Body be revolving about another 
as in the laſt Propoſition, and a third 
Body approaches them, towards which 
they both ſhall alſo tend, the Motion 
of the revolving. Body will be diſ- 
turbed : That is, its Path will be al- 

- tered, and Irregularities in its Courſe 

will enſue its Tendeney to that - 

1 third Body in ſome Parts of its Courſe | 

11 conſpiring with, and in others being 
| oppoſite to its own Motion. And not 

only fo, but the Tendency it has to 

the Body about which it revolves, will 

in ſome Situations be increaſed, 38 nm. 

others be diminiſhed by the Action of 

the third; which Thing alſo conduces 


towards altering its Courſe. 


H ence 
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| Hence the Lunar Irregularities, and 
s all other Diſturbances in the Motion 
of the Heavenly Bodies on their too 

near Approach towards each other. 
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over with ſmaller ones tending to its 
n Center: Suppoſe alſo a diſtant Body, 
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E towards which they all tend, but the 


. little ones with leſs Degrees of Force 
than they do towards the Body they 


L tant one, loſe Part of their Tendency 
to the Body they touch; and ſo will 


Bodies, which are at the fame Diſ- 
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4 +3 Imagine a large Body coverd all 
h 


touch. Then will ſuch of thoſe 
27 ſmaller Bodies, as are neareſt the diſ- 


2 thoſe ſmaller ones which are fartheſt 
off, or placed on the oppoſite Side the 
large Body. But, as to thoſe ſmaller 


2 tance from the diſtant Body with the 
Center of the large Body itſelf, their 
23 C Tendency 


= | xxy1 ORE E-AGE. 
Y Tendency to the Body they lie upon, 
| will be increaſed. The reſt will have 


b their Tendency increaſed or diminiſſed pe 
| more or leſs, according to their Near- 0 
ness to thoſe whoſe Tendency is in- & 
BR creaſed or diminiſhed, (a) At 
by \ Hence; ariſes 15 Difference In the he 
| Weights Bodies have upon the Earth s B 
| Sui, face, at the Approach and De- 4 
| parture of the Heavenly Bodies, (but 
/ chiefly of the Moon,) to or from that 
| Side of the Earth where the Bodies are; 
| and conſequently the ebbing and flowing C 
of the Sea, the Water riſing where its F 
F/eight or Tendency to the Earth is di- f 
uiniſbeds and ſinking at the Jame Time a 
in thoſe Places where its NM. eight 1 iS aj 1 


nented. That the Approach and De- 4 
parture of the Moon ſhould cauſe a great- 

6K Difference in the IVaight of Bodies 
on the Earth, than the Approach and 


(4) What is . in this and the 0 E 0-vvch 
1 | depends on a Train of Reaſoning too long to be Ancerted here 
BH JĨ0 underſtand it guroughlys: read * the 18th and 19th of 
4 | Part the Fourth. a 
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Departure 


2 


+ 


Parts towards each other, contracting 


PN E FA U E. Xion 
Departure of the other Heavenly Bodies, 


is owing to the nearneſs of the Moon 10 
the Earth; which Conſideration in this 


Caſe overbalances the Conſideration of her 
Smoallneſs, the above-mentioned Effects 
depending in a great Meaſure, on the 


Proportion the Diameter of the Earth 


bears to the 2855 of the e 
Bodies. 
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A. a Body, 
Center thereof, conſiſts wholly of a 


Fluid, or be partly ſolid and partly 


fluid, provided ſome of the Fluid . 


at che Surface, and very diſtant Parts 
thereof communicate with each other; 


and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical 


Form, the mutual Tendency of its 


it into the leaſt potiible Shape. But 
if it revolves about its Axis, all its 


Si ; — Parts 


Whol Parts tend to the 


xxvi PREFACE. 
Parts will endeavour to fly oft from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reſt : 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far- 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 
ſuch as are nearer thoſe Extremities; 
beſides, as is evident, the former will 
endeavour to fly off directly from the 
Center, but the latter not ſo. The 
abovementioned Endeavour therefore } 
in the former will take of a much MF 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and fince the ſame may 
be ſaid of 4 which are at any other 
aſſignable equal Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 
the Center much more diminiſhed, 


than 


the middle cf the Axis at right Angles 
3 therewith, thoſe Lines will be leogthen'd 
and the Axis will be horten d. | 


* . 
3 , 
3 


. 
2 


than thoſe will, 


PREFACE xxix 
which lie between 
the Center and the ſaid Extremities: 


Theſe latter Parts therefore will preſs 


in towards the Center, overbalance the 


former, and raiſe them to a greater 


Diſtance from it than they were at be- 


fore, reſtoring thereby an Equilibrium 


of the Parts of the Body one among 
another. On which Account the Body 


will aſſume a flattiſh or oblate Form. 


That is, ſuppoſing Lines drawn thro' 


. 2 Figures of the Heavenly 


Bodies. 
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8 The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on the 
Quantity of Matter in that Body, but 
likewiſe 
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| likewiſe on the Swiftneſs the Body moves 


with: Thus, the Stroke of an Hammer 


is not only .according to the Bulk or 


Weight of its Head, but is alſo accord- 


ing to\ the Swiftneſs of the Motion it 


ſtrikes with. If therefore two Bodies 


of equal Quantities of Matter, be ſuſ- 


pended at the Ends of a Lever of equal 


Arms, each of them when the Lever 


turns on its Center, having equal De- 


grees of 3 or Velocity, will 
e ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 


therefore have 


dency to move on with, ſuperior to the 


other) and conſequently neither of them 
will pre-ponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 


have the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 
and 


4 © af. wlllh < 26 cru 
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and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 


Center of Motion, moving the quickeſt, 


will have the Advantage over the other 
that way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, 
may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 

and in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 
: over-poiſed, or moved by it. 


— This bolds aa in all Machines, 
and is the Foundation of their Theory, 


we 
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: Imagine the fines of a large round 
Body to be covered every where, or in 
Part, 
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Part, with ſmaller ones to an equal 


Heipht, and that theſe ſmaller ones 
tend towards the large Body by the 


firſt Principle; imagine alſo the whole 


Maſs of ſmaller ones divided into Co- 


lumns reaching from top to bottom 


thoſe Columns, if their Baſes be equal, 


will equiponderate, or be an equal 
Counterpoiſe to one another; and ſo 


they will, if their Baſes be unequal: For 


in this Caſe the Columns being of un- 
equal Size in Diameter, if a lar- 


ger Column ſubſides, the e ors 


of that Column (to find Room for 
themſelves) will raiſe a ſmaller Co- 
Lin 


lumn farther than the larger one ſet- 
tled in the ſame time, and in ſuch 


| Proportion that, what the little Co- 
lumn wants in Weight, will be made 
court to it in Velocity; and conſequent- 


ly, according to what was ſhewn in 
the foregoing Propoſition, the little 
Column will be a Juſt Balance to the 
greater. ” 
Farther 
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3 Farther, if in the abovementioned 
YZ Suppolition, there be a Body among 
& thoſe ſmaller ones, heavier than a 
Bulk of them equal to its own Bulk, 
a Column of which that Body is a 
3Z Part, will be heavier than any other 
Column of an equal Baſe; it will 
al therefore ſubſide, permitting the Body 
ſo do come to the Bottom: if the Body 
de lighter than a Bulk of the ſmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 


it riſes ſo fat out above the Surface, 


low it; may be a Counterpoiſe to ano- 


ther Column of equal Baſe. 


. Hence the Effects of the Preſſure of 
3 Fluids pon one another, and upon So- 


ligbter than any other; the Body 
therefore will be buoy'd upwards, till 


that it, together with the Column be- 
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K RO POSITION XVII, 
Imagine the Surface of a large 
round Body cover' d every where, or 

in Part, with ſmaller ones to an equal 
Height; and that theſe ſmaller ones 
tend towards the large one by the firſt 
Principle, and that they are at the 
ſame time diſpoſed to fly from one 
another by Virtue of the third, conſti- 
tuting thereby an elaſtic Subſtance 


be divided into Columns, as in the 
laſt Propoſition. And let it be far- 
ther ſuppoſed, that the Diſpoſition in 
thoſe ſmaller Bodies, whereby they 


endeavour to depart from each other, 


and that at the Bottom of fome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 
Or at leaff not in ſo great "4. Degree . 

$ . then 


ſurrounding that large Body, as in 
Propoſition the ſecond; and let them 


is capable of being increaſed by Heat: 1 
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then will the Bodies, where that Diſ- 
poſition is increaſed, diffuſe them- 
elves into a larger Space, and fo tak- 
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ing one of an equal Baſle. 
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more 1 an equal 
Number in the neighbouring Columns, 


a Column of which they are a Part, 


will become lighter than a neighbour- 
e. For, ſince 
the Bodies in the lower Parts of this 


Column, are more diſtant from each 


other, than ſuch as are in other Co- 


lumns, this Column cannot contain ſo 


many of them; that is, it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; that is, unleſs the 
uppermoſt Parts thereof ſtand out 
above the Tops of the neighbouring 
Columns; but this they will not do; 
for by Virtue of the Tendency thoſe 
Parts have to the large Body, they 
will immediately (like Water raiſed 
above the Banks, which before con- 
fined it) ſpread themſelves every Way. 
This Column therefore, Which, ac- 
" & _ cording 


4-2 ws 
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before this happened, was a Counter- 


it, being now become lighter, is no 


is, that the lowermoſt Parts of the 
neighbouring Columns, will preſs in 
under this from all Sides to reſtore the 

uilibrium. Neither can the Equi- 
librium be reſtored, ſo long as the 


mains hotter, than thoſe which are 
round about it. For, fince the Bodies, 


Heat they receive there, and fill up 
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another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons abovementioned, i 


„ to the Tenour of the foregoing Pro- 
1 1. g ; 
19% poſition, the neighbouring Columns 


cording to the foregoing Propoſiton, 


poiſe to thoſe, which are round about 


Place we have Le: conſidering re- 


that come in, will ſpread themſelves 
into a larger Space by Means of the 


longer ſo. The Conſequence of which 


more Room, than the like Number in 


ways be lighter than another of equal X 
Baſe. And conſequently, according 
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will overpoiſe i it, whatever Dimenſions, 5 
as to their Baſes, we ſuppole them to 


be of. 


' Imagine the like to happen to a Co- 
lumm or Columns of the Earth's At- 
4 moſphere, and the lower Parts of the 
4 7 neighbouring C olumns ruſhing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of the 
Cauſe and Nature of the Winds; 
every Stream of the Particles of the 
Arnoſphers ruſhing in, as above, being 
a diflin® Wind blowing from that 
Point of the Compaſs from which they 
come. And, if you conceive the e Center 
„ that warmer Space to ſhift its Place 
8 _ variouſly upon the Surface of the 
| 3 Earth, you then get the Idea of the 

* /zveral Sorts of them, as the Trade 
Winds, Monſoons, &c. For Inflance, 
if it ſhifts regularly along the ſame 
Nals it Cauſes Trade Winds ; if now 
forwards, 


—= 


fornd rds, and then backwards, Mon- 
few, &c. 


Theſe are tbe Principal Phznomena 
in Natural Philoſophy that. are inde- 
pendent of each other; the reſt are for 
the moſt. Part, no other than ſo many 
particular Caſes, Ci rcumſtances, or 
Gonſequences. of theſe, or, in ſhort one 
way or other related to them. For the . 
Solution, of which I refer | the Reader 
60 the Book it ſelf. 

"Hoon. a yr Conſideration of the 
Propofiti ons here laid down, the Reader 
will be able to form a true Judgment of 
the Mature and Bufineſs of Natural 
Philoſophy; will ſee the Uniformity 
and Conſiſtency of the ſeveral Parts 

thereof with each other, and therein the 
wonderful Wiſdom and Contrivance of 
the ſupreme Being, in choofing ſo ſhort 
and ealy a Method of producing ſo 
great a l has of Effects. 
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PREFACE. XXX1X 


0. | 
There is one Thing more I think 
proper to be taken Notice of, before 1 
= put an End to this Preface; viz. That 

it has been a ſtanding Objection a- 
gainſt all Natural Philoſophy in gene- 
ral; that whereas it aſcribes Effects to 
1 natural or mechanical Cauſes, ating 
= by fixed and unalterable Laws, it 
= 1 excludes a Providence and the 
immediate Care and Protection of the 


than an Idk & pectator of Things here 
= below. 
Y In Anſwer 2 8 it is to be con fi. 


3 can be no other than the con- 


then 


e p<; Ak 368 
G , Te VR | 


_— 


ſupreme Being, making him no other 


= dered in the firſt Place, that the Prin- 
cijples of the Philoſophy which is now 
= received, are jo far from being mecha- 
nical Cauſes, at leaſt 2hoſewhich are here 
made Uſe of, that, as above demon- 
4 F | frated, they are he very Reverſe; and 


" tinual ating of God upon Matter, 
either mediately or Immediately. Since 
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forwards, and then backwards, 
ſoons, &c. FEI TR» 


: 


Theſe are the Principal Phznomena 
in Natural Philoſophy that. are inde- 
pendent of each other ; the reſt are for 
the moſt. Part, no other" than ſo many 
particular Gaſes, ſtances, or 
conſequences theſe, or, in ſhort one 


ed * ther relate 70 them. For the 
f. Dice 1 "eſe the Reader 


ell. beats 


From. 4 e. Conh, deration of the 
Propofitions here laid down, the Reader 
will be able to form a true Judgment of 
the Mature aud Buſineſs of Natural 
Philoſophy; will ſee the Uniformity 
and Conſiſtency of the ſeveral Parts 
thereof with each other, and therein the 
wonderful Wiſdom and Contrivance of 
the ſupreme Being, in choofing ſo ſhort 
and eaſy a Method of producing ſo 


eat a Variety of Effects. 
There 
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| Tre is one Thing more I think 
3 proper to be taken Motice of, before 1 
0 q put an End to this Preface; viz. That 
C it has been a flanding Objection a- 
HF 9gairft all Natural Philoſophy in gene- 
* ral; that whereas it aſcribes Effects zo 
of Matural or mechanical Cauſes, ating 
fo by fixed, and unalterable Laws, it 
N | 8 excludes a Providence and the 
immediate Care and Protection of the 
ſupreme Being, making him no other 
35 than an Tale Spetator of Things: here 
* —_—. 
er In Anſwer to this, it is to be conſi- 
9 dered in the 2 Place, that the Prin- 
al ciples of the Philoſophy which is now 
oy received, are ſo far from being mecha- 
by 1 nical Caules, at /eaf? thoſewhich are here 
| made Uſe of, that, as above demon- 
Ll = Frated, they are the very Reverſe; and 


3 conſequently can be no other than the con- 
3 7Zinual acting of God upon Matter, 
either meniately or immediately. Since 

then 


xl PREFACE. 
_ ther Natural Philoſophy, by accounting 
for the Phænomena of Mature by thoſe 
Princi ples, tends to ſhew the Reality of 
them it is evident that it is ſo far From 4 
excluding the Deity from being concern- 
ed in the Affairs of this World; that |? 
it tends to demonſtrate that none are 
Per formed without his Order and Di- 
rection. either, ſecondly, does Na- 
tural Philoſophy a e that the 
Laws by which thoſe Principles act, are 
fixed and unalterable : The Accuſation 3 
is therefore foreign. But to confider | 
= this Matter a little more particularly. 
When, in Natural Philoſophy, a 
Principle is ſaid to act according to 2 
particular Law, the Meaning is not, = 
that it atts neceſſarily and unalterably * 
fo; but only, that it does / lt, 
and in common Caſes. Doubtleſs the | 
Author, both of Matter and of thoſe 
very Principles by which it afts, can 
at any Time, in the Room of its ordina- 
ry Opperation, ſubſtitute a different i 


obne 


5 f "narily the Reſult thereof; yet 2 5 will 
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one, and by that means produce Effects 
contrary to the common Courſe of Ma- 
ture, whenever he ſhall think proper. 
That he has done ſo, when wiſe Ends re- 
quired it, appears from Hiſtory. That 
it may be done a Thouſand Ways, un- 
perceived by us, 1s evident ; the Ope- 
ration of natural Cauſes (as they are cal- 
led) being to us almoſt always out of 
1 Sight. For Inflance, though Light- 
ung may be accounted for by theſe Prin- 
= ciples; and in all P -obalilir 1s ordi- 


' affirm, in any particular Caſe, that 
thoſe Principles of ies that very Light- 
ning, or that its Courſe was Arete 47 
them? Upon the whole therefore, to pre- 
ume, that the ordinary and common 
Courſe of Mature is not ſametimes al- 


rered, 15 haſty and unwarrantable. IT. 
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— Philoſophy. 


Pann 1. 


8 a. 8 2 


Cn a. oo | 


The INTRODUCTION. 


0 wild and extravagant have been the | 
Notions of a great Part of Philoſophers, 
both ancient and modern, that it is 
hard to determine, whether they have 


fanny: more diſtant in their Sentiments from 
Truth, or from one another; or have not 


exceeded the Fancies of the moſt fabulous 
Writers, even Poets and Mythologiſts. This was 


owing to a precipitate Proceeding in their En- 


quiries, and a Neglect of Geometry and Ex- 
periment ; without the Aſſiſtance of which, 
it is impoſſible the Powers of natural Agents 5 


| ſhould be diſcovered, 


Tur Manner of Philoſophizing among the 


Ancients was to aſcribe to Bodies certain arbi- 


” "BW trary 


2 The INTRODUCTION. 


trary Properties, ſuch as beſt ſerved their Pur 
poſe in accounting for the Phenomena * of 


Nature; from whence proceeded ſo many vari- 
' ous Sects of Philoſophers ; every one aſſigning 
a different Cauſe to the ſame Appearance, as his 
particular Genius and Imagination led him. 


Tus chief Agreement obſervable among 
moſt of them, conſiſts in this, v:z. that they 
conceived all Bodies, as Compoſitions of Air, 


Earth, Fire, and Water, or ſome one or more 


of them, from whence theſe acquired the 


Name of Principles or Elements, which they 


{till retain, 


— 


EPIC VURUs advanced a little farther, and 


aſſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 
ſtrictly Elements, but that theſe themſelves con- 


ſiſted of Atoms; by an accidental Concourſe | 
of which (as they were moving through infinite 


Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiſtence +. 


DS CaRTEs has contrived an Hypotheſis 


very different from the reſt: He ſets out with a 


” By a Phznomenon of Nature, is meant any Motion or Si- 
tuation of Bodies among one another, which offers itſelf to the 


Notice of our Senſes, and is not the immediate Reſult of the 
Action of an intelligent Being. . 3 0 

+ For the Opinions of the ancient Philoſophers, conſult 
Diogenes Laertius, and Stanley's Lives. MI” 
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The INTRODUCTION. 3 


Suppoſition that the Univerſe at firſt was entire- 


ly full of Matter; that from this Matter, when 


firſt put in Motion, there would neceſſarily be 


rubbed off (by the grinding of the ſeveral Parts 
one againſt another) ſome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid 
Bodies without meeting with any Reſiſtance: 
Of theſe conſiſts his Materia ſubtilis, or Mate- 
ria primi Elementi. He imagined, that from 
hence alſo would reſult other Particles, of a 
globular Form; to which he gave the Name of 
Materia ſecundi Elementi. Thoſe which did 
not ſo far loſe their firſt Figure, as to come 


under the Denomination of Materia primi or 


ſecundi Elementi, he called Materia tertii Ele- 


nmienti; and maintained, that all the Variety, 
Which appears in natural Bodies, was owing to 


different Combinations of thoſe Elements. 


He likewiſe ſuppoſes, that God created a 


certain Quantity of Motion, and aſſigned it 


to this Maſs of Matter ; and that That Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itſelf : In Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the ſame: So that, if all the 
Men and Animals in the World were moving, 
'yet ſtill there would be no more Motion 
than when they were at Reſt, the Motion 
which they had not, when at Reſt, being 
DES CALLY 32 transferred 


4 The INTRODUCTION. 
transferred to the Æther. So unaccountable ? 
are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met | 
with ſuch univerſal Reception, and have got 

ſo ſtrong a Party of Philoſophers on its Side. 


Drs CARTEs has been faid, by a late 
Writer *, to have joined to his great Genius an 
exquiſite Skill in Mathematicks, and, by mixing 
Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in the 
latter. But this Writer ought to have con- 
ſidered, that what he looked upon, in Des © 
CaRTEs's Book of Principles, as Demon- 
ſtrations, are only Illuſtrations, there not being 
a Demonſtration from Geometry in all his Phi- 
loſophical Works +. on | 3 
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Tre preſent Method of Philoſophizing, 
eſtabliſhed by Sir IS AAC NEWTON, is to 
find out the Laws of Nature by Experiments 
and Obſervations. 'To this, with a proper 
Application of Geometry, is owing the great 
Advantage the preſent Syſtem of Philoſophy 
has over all the preceding ones, and the vaſt 
Improvement it has received within the laſt 


Mr. Weiton, in his Reflexions on ancient and modern 


„ ee this Subject diſcuſſed more at large = Keil's Intro- 
duction to his Examination of Dr. Burnet's Theory, 


Age. 


-& 


The INTRODUCTION. « 
Age. It is indeed in vain to imagine, that a 
5 5 of Natural Philoſophy can be framed 


by any other Method; for without Obſerva- 


tions it is impoſſible we ſhould diſcover the 


Phænomena of Nature, without Experiments 


we muſt be ignorant of the mutual Actions of 


Bodies, and without Geometry we can never 


be certain whether the Cauſes we aſſign be 


proportionate to the Operations we would ac- 


count for, as the various Syſtems of Philo- 
ſophy built on other Foundations evidently 


ſhew. 


'T HIS Way of ſearching into Nature was 


firſt propoſed by my Lord Bacon *, proſe- 
cuted by the Royal Society, the Royal Academy 


at Paris, the Honourable Mr. BOYLE, Sir 


| lsaac NEw TON, &c. 


Wu W Advancement in the 
3 of Nature may be made by this 
Method of Enquiry, when conducted by a 


Genius equal to the Work, will be beſt under- 


| ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
It 1s principally owing, that we have now a 


rational Syſtem of Natural Philoſophy; tis He, 


who, by purſuing the ſure and unerring Me- 
thod of reaſoning from Experiment and Obſer- 


* See his Nowum Organum. 
A3 vation, 
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6 The INTRODUCTION. 
vation, joined with the moſt profound Skill n 
Geometry, has carried his Enquiries to the MY 
moſt minute and inviſible Parts of Matter, as 
well as to the largeſt and moſt remote Bodies 
\ in the Univerſe, and has eſtabliſhed a Syſtem 
not ſubject to the Uncertainty of a mere Hypo- 
theſis, but which ſtands upon the ſecure Baſis 
of Geometry itſelf, ed 
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perties of Body. 


activity. 
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The Properties of Body. 


T being the Deſign of Phyſics, or Natural 


Philoſophy, to account for the Pheno- 


mena of the Material World, it is neceſſary 


to begin with laying down the known Pro- 


Turs x are, . Solidity. 2. Extenſion. 
3. Diviſibility. 4. A Capacity of being moved 
from Place to Place. 5. A Paffiveneſs or In- 


1: SOLIPITY, called alſo Impenetrability, 


3s that Power which Body has of excluding 
all others out of its Place. _ 


 Tarar Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for 
otherwiſe two Bodies might exiſt in the ſame 
Place, which is abſurd. The ſofteſt are equal- 
ly ſolid with the hardeſt ; for we find, by Ex- 
periment, that the Sides of a Bladder, filled 


with Air or Water, can by no Means be made 


to come cloſe together *. 
5 FV 2. THAT 


* At Flarenis a hollow Globe of Gold was filled witk Wa- 


ter, and then exactly cloſed; the Globe thus cloſed was put 


into a Preſs driven by the Force of Screws; the Water, find- 
ing no Room for a nearer Approach of its Particles toward 
each other, made its Way through the Pores of that cloſe 
e Metal, 


% 


8 The Properties of Body. Part 1. 
K: 1147 Body is extended, is ſelf-evident, 
it being impoſſible to conceive any Body 
which has not Length, Breadth, and Thick- 


neſs, that i 1s, Extenſion. 
. IT is no leſs evident, that Body is divi- 


&bls; for, ſince no two Particles of Matter can 


exiſt in the ſame Place, it follows that they are 
really diſtinct from each other, which is all 
that is meant by being diviſible. 

In this Senſe, the leaſt conceivable Particle 
muſt {till be diviſible, ſince it will conſiſt of 
Parts which will be really diſtinct x. To il- 


luſtrate this by a familiar Inſtance: Let the 


leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface; tis evident, 


the Surface will not touch it every where ; 
| thoſe Parts, therefore, which it does not touch, 
may be ſuppoſed ſeparable from the other, and 


ſo on as far as we an and this is all that 


Metal, landing in Drops like Dew on the Outſide, before the 


Globe would yield to the violent Preſſure of the Engng 
V. Acad. de. Ciment. 1 


This e 15 demonſirated Oronictically thus : Sup- 
pole the Line 4 D (Fig. 1.) perpendicular to BF, and another, as 
GH, at a ſmall Diftance from it, alſo perpendicular to the ſame 
Line ; z with the Centers C, C, "74 &c. deſcribe Circles cutting the 
Line G H in the Points e, e, e, &, Now the greater the Ra- 
dius AC is, the leſs will be the Part 2 H. But the Radius may be 
augmented in ißnitum. So long, therefore, the Part E H may 
be divided i 2 ſtill leſs Portions; conſequently i it may be divided 


in infinitum. Q E. D. V. Keil's Introd. ad Phyſ. Præl. 3, 


"5 Graveſande 8 Elem, Math. Phyſ. L. 1. C. 4. Schol. 
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Chap. I. The P roperties of Body. 9 


is meant, when we ſay Matter is infinitely 


How far Matter may actually be divided, 
may in ſome manner be conceiv'd from henceæ, 
that a Piece of Wire, gilt with ſo ſmall a 


Quantity as eight Grains of Gold, may be 
drawn out to a Length of ,thirteen Thouſand 
Feet, the whole Surface of it {till remaining 


cover'd with Gold . 


A Quantity of Vitriol, being diſſolved and 
mix'd with nine Thouſand Times as much 


Water, will tinge the/ whole, conſequently 
the Vitriol will be divided into as many Parts 


as there are viſible Portions of Matter in that 
Quantity of Water 5. 3 
THERE are Perfumes, which, without a ſen- 


ſible Diminution of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
ceivable Smallneſs, ſince there will be a ſuffi- 


9 We have a ſurprizing Inſtance of the Minuteneſs of ſome 


Parts of Matter, from the Nature of Light and Viſion, Let a 
Candle be lighted and placed in an open Plane, it will then be 
viſible two Miles round, conſequently was it placed two Miles a- 


bove the Surface of the Earth, it would fill with luminous Par- 


_ ticles a Sphere, whoſe Diameter was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight, The Force of 
this Argument will appear better when the Reader is acquainted 
with the Cauſe of Viſion, . „ 


+ Keit᷑s Introd. ad Phyſ. Præl. 5. Religious Philoſ. Con- 
templ. 25. 


4 Mem. de E Acad. 1706. | 
| | Na Client 


. 


10 Pacuum. Part. I. 

cient Number in every Part of that Space, ſen= 

"4 fibly to affect the Organ of Smelling. | 4 
„Tur all Matter is moveable, follows 

. Hom its; being finite ; and to ſuppoſe it poſi- 


tively infinite is abſurd, becauſe it confiſts of 
Parts *. 


| By the Paſliveneſs or c Inactivity of Mat- i. 
ter, (commonly call'd its Js Inertie) is meant A 
the Propenſity it has to continue its State f 
Motion or Reſt, till ſome external Force acts 1 
upon it. This will be farther explained 1 under = « 
the firſt Law of Nature. f 


C I A P. H. 
Of Pacuun, 


E © LA CE void of Matter Is called empty 
Space, or Vacuum. 

II. Ir has been the Opinion of ſome Phi- 
loſophers, particularly the Cartęſians, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig'd 
do aſſert, that if every Thing contain'd in a 
 Veſſd conld be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; but this is contrary to Expe- 
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rience,- 


E II. Vacuum. 41 


rience, for the greateſt Part || of the Air may be 


drawn out of a Veſſel by means of the Air- 
Pump, notwithitanding which it will remain 


whole, if it Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. 
III. SHovuLD it be objected here, that as it is 


impoſſible to extract all the Air out of a Veſſel, 


and that there will not be a Vacuum on that 


Account; the Anſwer is, that fince a very great 


Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver * when ex- 


hauſted of its Air, there muſt be ſome Vacuities 


between the Parts of the remaining Air : which 


1s ſufficient to conſtitute a bee Indeed to 
this it may be objected by a Carteſian, that 


thoſe Vacuities are fill'd with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 


but as the Exiſtence of this Materia ſubtilis can 


never be prov d, we are not oblig'd to allow the 
Objection; eſpecially ſince Sir ISaac NEwTON 


has found, that all Matter affords a Reſiſtance 


nearly in Proportion to its Denſity T. 
THERE are many other Arguments to prove 


this, particularly the Motions of the Comets 
A Veſſel cannot be entirely exhauſted of its Air, becauſe 


the Action of the Pump depends on the Spring of that which re- 
mains in the Veſſel. 


* By this Term is meant any Veſſel, out of which we extract 


the Air by the Air- Pump. 
+ Newt. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit 2. 
Book 3, Quer. 18, 19, 20, 21. Dua Lect. 1. Ann. 2. 
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through the Heavenly Regions without any 


ſenſible Reſiſtance * ; the different Weight of 


Bodies of the ſame Bulk, Fc. but thoſe, being 


not yet explain d, are not ſo proper to be inſiſt- 


ed on in this Place. 
Of Attraction and Repulſion. 
CHAP, III. 


| I. ESIDES the forementioned Proper- 
ties of Matter, it has alſo certain 


Powers or active Principles, known by the 


Names of Attraction and Repu on, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 


for the better Performance of the Offices for 
which it was deſign'd. 
II. ATTRACTION is of two Kinds. 1. Co- 


heſion, or that by which minute Bodies, (or 
the ſeveral Particles of the ſame Body) when 
placed aſunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gra- 


vitation, or that by which diſtant Bodies act 
upon each other. 


III. Tux An e of Coheſion is proy 4 
from abundance of Experiments, of which ſome 


of the moſt obvious are as follows. 


* Deſagul. Le. 1. Annot. 8. 5 edn 
x: 7h 1 1. LET 


-” „ 
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Chap. III. Attraction and Repulſß don. 13 


1. LET a ſmall glaſs Tube (commonly call'd 


a Capillary Tube) open at both Ends, be dipt 
into a Veſlel of Water, the Water will imme- 


diately riſe up in the Tube to a certain Height 


above the Level of the external Water. This 
Riſe of the Water in the Glaſs Tube is manifeſtly | 
owing to the Attraction of thoſe Particles of the 

Glaſs, which lie in the. inner Surface of the 


; Tube immediately above the Water: Accord- 


ingly the Quantity of Water raiſed is always 
found to be proportionable to the Largencſs 


of that Surface . 


2. LET two Spheres of Quickſilver be pla- 


ſced near each other, and they will immediately 


run together, and form one Globule. 

IV. Tur Laws of this Attraction are, 1. 

That it acts only upon Contact, or at very ſmall 

Diſtances ; for the Spheres, mentioned in the 

laſt Experiment, will not TOR, each other, 
P The Heights the Water riſes to in different Tubes, are ob- 


ſerved to be reciprocally as the Diameters of the Tubes, from 
whence it follows that the * raiſed are as 1 Surfaces 


which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the firſt 


double to that of the ſecond, the Water will riſe half as high 


in the firſt as in the ſecond : now was it to riſe equally high | 
in both, the Quantity in the firſt would be four times as great 
as in the ſecond, (Cylinders of equal Heights being as the 
Squares of their Diameters ; ; 11. EI. 14.) therefore ſince it is 
found to riſe but half as high, the Quantity is but twice as much, 
and therefore as the Diameter; but the Surfaces of Cylinders are 
as their Diameters, therefore the Quantities of Water raiſed are 
alſo as the Surfaces. 2. E. D. 


See the Diſſertation on this Subject. Part II. | 
: till 


14 Attraction and Repulſion. Part. I. 


till they are plac'd very near. 2. It acts aecord- 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their 
Quantities of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
ſuch a Manner as to touch at one End, and 


there make a very ſmall Angle: If two une- © 
qual Drops of Oil be put between theſe Plates, 


at equal Diſtances from the Line of Contact, fo 
that the leaſt may touch both Glaſles, they 


will then both move towards the Ends that 


touch, becauſe the Attraction of the Surfaces 


inclines that Way ; but the largeſt, touching 


the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. Tis obſerv'd to decreaſe much more 


than as the Squares of the Diſtances of the 


attracting Bodies from each other increaſe : That 
is, whatever the Force of Attraction is at a gi- 


yen Diſtance, at twice that Diſtance it ſhall be 


more than four Times leſs than before *. 


V. From hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 


whoſe conſtituent Particles are flat or ſquare, 


and ſo fituated as to touch in many Points, 
will be hard; thoſe Particles which are more 
round, and touch in fewer Points, will conſti- 


tute a ſofter Body; thoſe which are ſpherical, 
or nearly of That Figure, will form a Fluid . 


* fKeilii Opera Ed. 40. p. 626. = 8 | 
+ See Robanlt in the Notes, p. 105, 108. See Part II, 
Chap. I. f. 2. in the Notes. Neawtoni. Optic, p. 335. 


VI, AT- 


I VI. ATTRACTION of Gravitation is that, 
at- by which diſtant Bodies act upon each other. 
Pf this we have daily Inſtances in the falling 

Wo of heavy Bodies towards the Earth. 
„ MN MY VII. Tux Laws of this Attraction are, r. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 
ates, increaſe, Thus, a Body, which at the Sur- 
lo face of the Earth (i. e. about the Diſtance of 
hey four Thouſand Miles from its Center) weighs 
ten Pounds, if it was plac'd four Thouſand 
aces I Miles "ahove the Surface of the Earth, z. e. 
twice as far diſtant from the Center as before, 


(the utmoſt Diſtance we can convey Bodies to, 


but is ſufficiently clear from the Motion ob- 
the | = ſerv'd by the heavenly Bodies. 2. Bodies at- 


wiſe tract one another with Forces proportionable 
are, to the Quantities of Matter they contain; for 
nts, all Bodies are obſerv'd to fall equally faſt in 
ore the exhauſted Receiver, where they meet with 
ſti- no Reſiſtance. From whence it follows, that 


cal, the Action of the Earth upon Bodies is exact- 
1 ly in Proportion to the Quantities of Matter 

they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaft 
Body, being moſt — 42 into Motion, 
would 
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would weigh four Times leſs; if thrice as far, 
nine Times leſs, &c. The Truth of this Pro- 
poſition is not to be had from Experiments, 


from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center,) 
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Actions of all the Parts, that are more diſtant, being equal, 


16 Attraftion and Repulfion. Part. I. 


would move the faſteſt. Accordingly, it is 


obſervable, that the Weight of a Body is the 


ſame whether it be whole, or ground to 


Powder 


VIII. From hence it follows, that, was a 
Body to deſcend from the Surface toward the 
Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 


tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity would decreaſe with the Di- 
ſtance of the Body from the Center - 
e ee e Scbolium. 


2 Graveſande Lib. 4. Chap. 11, Cotes's Preface to Newton's | 


Princip. 


+ Dem. Let there be a Body as P. (Fig. 2.) placed any 
where within a Concave Sphere, as AB, and let us ſuppoſe it 
divided into an infinite Number of thin concentric Surfaces ; 


I fay, the Body P will be attracted equally each way by any 
one of theſe, v. g. the interior HIKLM. Let there be Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 
ſuch a manner as to form the Surface of two fimilar Figures; 
ſuppoſe Cones, the Diameters of whoſe Baſes may be IH, KL, 


which let as ſuppoſe infinitely ſmall. Theſe Baſes (being as the 


Squares of the Lines IH, KL) (2, Elem. 12.) will be directly, as the 


6 Squares of their Diſtances from P (for the Triangles TPH, KPL, 
being infinitely ſmall, are ſimilar.) But thoſe Baſes include all 


the Particles of Matter in the interior Surface, that are oppoſite 
to each other; the oppofite Attractions are therefore in the 


ſame Ratio with thoſe Baſes, that is as the Squares of the Diſ- 
tances PK, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, 5. 7. i. e. inverſely as the 


Squares of the ſame Diſtances PK, PI; theſe two Ratios 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 
lies nearer the Center than the Body, can effect it, the reſpective 
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Scholium. IT may be proper to obſerve here, 


that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body is 


faid to gravitate to another, which moves to- 


wards it, while the other actually is, or appears 


to be, at Reſt, and this other is ſaid to attract 
the former ; though indeed the Force being mu- 
tual and equal on both Sides (as will be ex- 


plain'd under the third Law of Nature) the 


ſame Term might be apply'd to either the gra- 
vitating or attracting Body. 


" 
IT is farther to be obſerv'd, that when we 
uſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phyſical Cauſe 


of it, as if it proceeded from ſome ſuppoſed 


occult Quality in Bodies; but only uſe thoſe = 


Terms to fignify an Effect, the Cauſe of 
which lies out of the reach of our Philoſophy. 


Thus, we may ſay; that the Earth attracts hea- 


vy Bodies ; or that ſuch Bodies tend or gravi- 


tate to the Earth: although at the ſame time we 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentric Surfaces. Let us ſee then what Ef- 
fect that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surface 
the Body is plac'd. The Diftances of each Particle of Matter 


from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, i. e. as the Diſtance of the Body 


from the Center: their Action therefore upon the Body will be 
inverſely as the Square of that Diftance: but the Quantity of Mat- 


tration therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 
the Diſtance of the Body from the Center. Q. E. D. 


are 


. 
? 
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ter will be as the Cube of that Diſtance, (18. Elem. 12.) the At- | 


13 Attraction and Repulſion. Part. I. 
are wholly ignorant: whether this is effected 
by ſome Power, actually exiſting in the Earth, 

or in the Bodies, or external to both; fince 
it is impoſſible any Error in our Reaſonings 
can follow from hence: it being evident, that 
all the Conſequences of ſuch Tendency muſt 


it will. 
X. REPULSION is that Property in Bodies, 
whereby, if they are placed juſt beyond the 


they mutually fly from each other. 
Ix an olly Subſtance, lighter than Water, 
be placed on the Surface thereof, or if a Piece 


| ae will be depreſs'd about the Body laid on 
{erib'd to a repelling Power in the Bodies, 


wards them. 


Bor it is more generally imputed to this, 

chat the Particles of the Fluid attract each other, 

in theſe and the like Inſtances, more forcibly 

than they are attracted by the Body laid on it; 

and fo recede from the Body as far as the Gra- 

vity of the neighbouring Particles of the Fluid 
| will permit them. 


Ir is poſſible in ſome Caſes to preſs or force 


repel eachotherin this Manner, ſo near together, 
that they ſhall n attract each other: as 
when 


be the ſame, let the Cauſe be where, or what 
Sphere of each other's Attraction of Coheſion, 4 
of Iron be laid on Mercury, the Surface of the | 


This Depreſſion has been by ſome aſ— 
which hinders the approach of the Fluid to- 


the Particles ot different Subſtances, that ſeem to | 
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Chap. III. Attraction and Repulfion. 19 
when we mix Oil and Water till they incor- 


Tuis Property is however exceedingly ap- 


parent in the Particles of the Air, which are 


endued with ſo ſtrong a repulſive Force with 
regard to each other, that they never could, by 


an Experiment yet made upon them, be com- 


preſſed or driven ſo cloſe together, but they 
would {till endeavour to fly from each other * 
XI. Brsiprs the general Powers foremen- 


tioned, there are ſome Bodies that are endued 
with another, call'd Eleddricity. Thus Amber, 


Jet, Sealing- Wax, Agate, Glaſs, and moſt 


Kinds of precious Stones attract and mee light 
Bodies at dente Diſtances. 
Tas chief Things obſervable in theſe Bo- 


dies are, 1. That they don't act, but when 


heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. That, 
when they are well heated by rubbing, light 


Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula- 


rity whatever, 4. If a Line of ſeveral Yards in 


length has a Ball, or other Body ſuſpended at 
one End, and the other End be fixed to a Glaſs 


Tube; when the Tube is heated by rubbing, the 


Electrical Virtue of the Glaſs will be commu— 
nicated from the Tube to the Ball, which will 


attract and repel light Bodies in the ſame Man- 


»gee a further Proof of this Repulfive Force in Sir {/aac 


om ton 3 Opticks. B z. and Query 31. 
15 B 2 Der, 
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ner, as the Glaſs itſelf does. 5. If the Glaſs Tube 
be emptied of Air, it loſes its Electricity “. 

XII. LASTLY, the Loadſtone is obſery'd to 
have Properties peculiar to itſelf, as that by which 
it attracts and repels Iron, the Power it commu- 
nicates to the Needle, and ſeveral others . 


CHAP. IV. 8 
Of the Laws of Motion, commonly called 
Sir Isaac NEwTON's Laws of Mature. 


I. 'L L Bodies continue their State of 
Z A Reft, or uniform Motion in a right 


Line, till they are made to change that State 
by ſome external Force impreſſed upon them. 


THis Law is no other, than that univerfal 


Property of Bodies, called Paſſiveneſs or In- 


activity; whereby they endeavour to continue 


the State they are in, whatever it be. Thus 


a Top only ceaſes to run round on Account of 


the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 


it, but the Friction ariſing from the Motion 


* See Haulsbee's Experiments, Pfiloſoph. Tranſact. No. 326. 


＋ Several Solutions of theſe Properties of Electricity and Mag- 


netiſin have been attempted by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers Dictionary in Electricity, and Des 
Cartes Opera Philoſophica. P. IV. F 133, with ſeveral others 
reierr'd to in Q4ſtiones Phils/opbica, Deſagul. Let. I. f. 33. 
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Direction, wherein that Force acts. . 
Tus is an immediate Conſequence of this 
_ Axiom; The Effect is always proportionable to 
its Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 
will produce double the Motion ; a triple 
Force triple the Motion, &c. If a Body is in 
| Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 


rection *. 


Chap. IV. Laus of Motion. 21 
of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 


open Air. 3 
II. Tux Change of Motion produc'd in 

any Body, is always proportionable to the 

Force, whereby it is effected; and in the ſame 


to the Force impreſſed; but if the Force acts 


directly contrary to its Motion, the Body will 


then loſe a proportional Part of its Motion: 


Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 


of the Body, more or leſs different from the 
former in Proportion to its Quantity and Di- 
8 III. N. 


his Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction of two Forces, acting 


upon a Body at the ſame Time, be repreſented by the Sides of a 
Parallelogram, the Diagonal of that Parallelogram will repre- 
ſent the Proportion and Direction of their united Forces. 

Dem. Let the Body A (Fig. 3.) be impell'd with a Force, 
which would carry it to E, in the ſame Time that another, act- 


ing upon it in the Direction 4D, would carry it to D. Ima- 


gine that while the Body paſſes to F, the Line AD (in which 
B 3 | the 


As 


III. Reaction is always contrary, and e- 
qual to Action; or the Actions of two Bodies 
| ie other, are equal, and in. contrary. 
# Directions. 

4 Thus, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 

Load; for the Harneſs, which is ſtretched 
equally between them both Ways, draws the 

Horſe towards the Stone, as much as it does 

the Stone towards the Horſe; and the progreſ- 

ſive Motion of the Horſe is as much retarded 
the Load, as the Motion of the Load is 
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the Body moves by the other Force) moves to E B, in a Direc- 
tion parallel to itſelf; when the Body has advanc'd to G in 
the Line AE, the Line 4D will have got to GF, and the Body 


ſame Proportion to the whole Line GF, as 40 does to AE, 
that is GH (the ſhorter Side of the Parallelogram GM,) is, to 
F, or, which is the ſame Thing, to EB (the ſhorter Side =: 
the Parallelogram ED) as 4G (the longer Side of the former) 
15 to AE the longer Side of the latter ; from whence the Pa- 
rallelograms are ſimilar, EI. 6. Def. 1. and conſequently, by 
24 EI. 6. the Point H is in the Diagonal, that is, the Body 
will always be found inthe Line 4B, C. E. D. 
Coroll. From hence we have an eaſy Method of reſolving 
a given Motion into any two, or more Directions whatever; 
Lix. by deicribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the Di- 
rections ſo. ght. Thus, ſuppoſe a Body was impelbd in the 
Line AB, we may conceive it as acted upon by two Forces at 
the ſame Time, one towards E, the other towards D, or any 
other two whatever, provided the Lines be drawn of ſuch 


0 | length, that, when the Parallelogram is compleated, the given 
Line AB hall be its Diagonal, 


promoted 
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will have paſſed over GH, ſuch a Part of it, as bears the : 


promoted by the Endeavour of the Horſe * 
This will be better explained from the follow- 
ing Inſtance ; let a Perſon, fitting in a Boat, 


draw another Boat equally heavy towards 
him, they will both move towards each other 


with equal Velocities: Let the Boat he ſits in 


be the lighteſt, and it will move the faſteſt; 


becauſe the Action being equal on both Sides, 
the ſame Quantity of Motion will be given to 


each Boat, that is, the leſſer will have the 


greater Velocity *. 


Wr have a farther Confirmation. 1 this 
from Attraction. Suppoſe two Bodies attract- 


ing one another, but prevented from coming 


cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 


which they tend towards each other, were not 


equal on both Sides, then would the interme- 


diate Body be preſſed more one Way than the 


other, and ſo all three would begin to move 
of themſelves the ſame Way; but that three 
Bodies ſhould be put into Motion after this Man- 


ner, when no foreign Force acts upon them, 1 is 


nt a be Aa perhaps, 83 and contrary 
Forces deſtroying one another) the Horſe will in this Cafe not 
be able to move at all, becauſe the Load draws him back, as 


much as he draws the Load forwards. But it is to be ob- 
ved that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground; and contequently the 
Ground, reacting and continuing at Reſt, puſhes the Horſe 
forward with juit ſo much Force as the Horſe exerts, above 
what is counteracted by the Load. 


* Sce the Diſtinction between Motion and Velocity. Chap. 0. 
contrary 


SAL 
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24 Falling Bodies. Part I. 
contrary to Experience, conſequently whatever 
different Degrees of Force, any two Bodies may 
be capable of exerting, their mutual Actions 
on each other, are always equal. This may 


be try'd with a Loadſtone and Iron ; which, 


being put into proper Veſſels, contiguous to 


one another, and the Veſſels made to float on 


the Surface of Water, will be an exact Coun- 


terbalance to each other, and remain at Reſt, 


whatever be the attractive Power of the Load- 


ſtone, or the Proportion of their reſpective 


Magnitudes. N yy 
 Tunzxsx Laws receive an abundant Additio- 
: nal Proof from hence, viz. that all the Con- 


cluſions that are drawn from them, in Relation 
to the Phenomena of Bodies, how complicat- 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently appears in all Parts 


of the Neutonian Philoſophy *. 
„„ 6 A 
The Phenomena of Falling Bodies. 


I. HE Laws of Nature being thus explain- 
ed, we proceed to account for ſome of 


thoſe Phznomena, which are ſolvable by them. 


* See theſe Laws explain'd more at large by Cheyne in his 
Teinciples of Philoſophy. Neils Introd. ad Phyſ. Præl. 11. 12. 


II. To 


Conſtant Experience ſhews, that Bodies have a 
Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 


» 


Chap. V. Falling 814 5 
II. To begin with thoſe of falling Bodies. 


in Chap 3. F. 7. 


III. Tux Height, Bodies can be let fall from, 


bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 


may be conceived, as acting conſtantly and uni- 


formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 


acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 


ly increaſe, in Proportion to the Time the Bo- 


dy takes up in falling. 


IV. Tux Spaces Bodies fall through in dif- 


ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, &c.* 

5 e 


In order to demonſtrate this Propoſition, it will be neceſſary 
to lay down the following Theorem, vis. . 
That the Space a Body paſſes over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſter it moves during any Interval of 
Time, the farther it goes; therefore the Space is in a Ratio com- 
pound of both, that is, is had by multiplying one into the other. 
Coroll. Therefore the Area of a Rectangle, one of whoſe Sides 
repreſents the Celerity a Body moves with, and the other the 
Time of its Motion, will expreſs the Space it moves through. 


"This 
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V. Fox this Propoſition it follows, that a 
Body falls three Times as far, in the ſecond 
Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of the odd 
Numbers: For otherwiſe it could not fall four 


WW 


This being premiſed, let the Line 4P [(Fig. 4. ) repreſent 
the Time a Body takes up in falling, and let BC expreſs the Ce- 


lerity acquir'd by its Fall; farther let the Line 4 be di- 


vided into an indefinite Number of ſmall Portions, ei, im, 
, &c. and let /, ik, un, pg, &c. be drawn parallel to the 
Bate. 


ef, ik, mn, po, &c. being to each other (4 El. 6.) as the Lines 


Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 


repreſented by theſe: that is, ef will be as the Velocity of the 


Body in the ſmall Portion of I ime et, and 74 will be as the Ve- 


locity in the Portion of Time 1; in like Manner pg will be as 
the Velocity in the Portion of Time po, which Portions of Time 
being taken infinitely ſmall, the Velocity of the Body may be 
_ fuppos'd the ſame, during any whole Portion: and conſequently, 

by the Corollary of the foregoing Theoi:m, the Space run over 
in the Time ei wich the Velocicy F may be repreſented by the 


Rectangle /: in like Manner the Space run over in the Time 


zu, with the Celerity 4, may be expreſs'd by the Rectangle ,; 
and that run over with the Celerity u in the Time mp, by 
the Rectangles pn; and fo of the reft. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of all 
the Rectangle, that is, by the Triangle 4BC, for thoſe little 
triangular Deficiences, at the End of each Rectangle, would have 
vanithed, had the Lines ei, im, mp, &c. been infinitely ſhort, as 
the Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time AB, is repreſented by the 'Tri- 
angle ABC, for the ſame Reaſon the Space paſs'd over in the 
Time 4% may be repreſented by the Triangle Hor, but theſe 
Triangles, being ſimilar, are to each other, as the Squares of 
their homologods Sides AB and Ao (20 El. 6): that is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides, Q. E. D. 


Now it is evident from F. 3. (viz. that the Velocities 
are as the Times in which they are acquir'd) that the Lines 
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Spaces in two Minutes, and nine in three, as 
the Propoſition aſſert es 
VI. Tur Spaces, deſcrib'd by falling Bodies 
in different Times, are as the Squares of the 
laſt acquir'd Velocities. For by F. 4. the Spa- 


ces are as the Squares of the Times, and by 


8. 3. the Velocities are as the Times; there- 


fore the Spaces are alſo as the Squares of the 


Velocities. * 


the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 


VII. Tur Space a Body paſſes over, from 


ſame Time moving uniformly with its laſt ac- 
quir'd Velocity Þ . 


VIII. IN like Manner, when Bodies are 


thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 
their Gravity deſtroying an equal Portion of 


their Velocity every Inſtant of their Aſcent. 


** This may alſo be ſhewn in the following Manner. Let 
the Triangle ABC (Fig. 4.) be divided into leſſer ones, as 
in Fig. 5, each equal to Dbr, which repreſents the Space de- 
ſcribed by the falling Body in D& the firſt Portion of Time; 
tis evident that, in bc the ſecond Portion of Time, there are 
three ſuch Triangles deſcribed, wiz. thoſe that lie between the 


Lines by and cs; in c the third Portion of Time, five ſuch, 
viz all between cs and dt; in df the next equal Portion of 


Time, ſeven ſuch, &c. 


For let the Time be 4B, (Fig. 4) and the laſt Velocity 
BC, the Space the Body runs over, while it is acquiring that 


Velocity, is as ABC, but the Space it would paſs over in the 


Time 4B, was it to move uniformly with the Celerity BC, is 
by the Theorem (Note p. 25.) as the Space 4BCD, double 
me former W .. | 


IX. Tur 


\ 
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IX. Tun Heights Bodies riſe to, when 


thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their firſt 
ſetting out, to the Moment they ceaſe to riſe. 
That is, if a Body is thrown with ſuch a De- 


gree of Velocity, as to continue riſing twice as 
long as another, it ſhall aſcend four Times as 
high; if thrice, nine Times as high, &c. 


TRESE two are the converſe of the third 
and fourth Sections *. | 


C H AP. VI. 


Of the Deſcent of Bodies on oblique 


Planes, and of Pendulums. Ks” 
HEN a Body deſcends on an oblique 


Degree, than when it deſcends perpendicular- 


ly; its free Deſcent in this Caſe being hin- 


der'd by the Interpoſition of the Plane: From 


whence it follows, that what was faid in the 


laſt Chapter, concerning the perpendicula 
Deſcent of Bodies, is true of ſuch as fall on 


_ oblique Planes, Allowance being made for the 
Difference of Acceleration. 


II. The Effect Gravity has upon a Body 


3 falling down an oblique Plane, is to that which 


* See Keil's [ntrod. ad. Phyſ. Præl. 11, | Graweſande L. 1. 


Ch 17. 


Wo 


Part. I. 


Plane, its Motion is continually acce- 
leraind by the Action of Gravity, but in a leſs. 
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it exerts upon another falling freely, as the 
perpendicular Height of the Plane is to its 
Length *. 55 
III. Tur Space, through which a Body 
falls down the oblique Side of a Plane, is to 


that through which it would fall perpendicu- 
larly in the ſame Time, as the perpendicular 


Height of the Plane is to its Length +, 
For the Space, a Body falls through in anv 


determinate Time, whether down an inclined 


Plane, or not, is as the Effect of the Gravity 


with which it is acted upon during that Time; 


but the Gravity, with which a Body deſcends 


down the oblique Side of a Plane (by the 
laſt Propoſition) is to that with which it falls 
perpendicularly, as the perpendicular Height 


of the Plane is to its Length: The Space there- 


fore, which a Body falls through obliquely, is to 


* Dem. Let AC ( Fig. 6.) be the inclin'd Plane, the Body 
at 4, and the Action of Gravity, whereby it endeavours to fall 


perpendicularly repreſented by the Line AB ; let AD be per- 
pendicular to AC, AD will then repreſent the Direction by which 
the Plane adds upon the Body (for all Bodies act in Lines per; 


into one in the Direction AC, (as ſhewn in Note to F. 4. Chap. IV.) 
by compleating the Parallelogram BD, whoſe Diagonal will be 
4G. In order to this BG muſt be let fall perpendicularly upon 

AC (that it may be parallel to the oppoſite Side of the Parallelo- 
gram AD) conſequently (8 Elm. 6.) AG is to AB as AB to AC, 


that is, the Tendency of the Body down the Plane is to its | 


perpendicular Tendency, as AB is to AC. Q. E. D. 
I From this Propoſition it follows, that ſuppoſing BG (Fig. 6) 
perpendicular to AC, the Body would fall from 4 to G, in 


the ſame Time another would fall from thence to B, for, as 


was obſerved (Note the laſt) AG is to 4B, as 4B to 40. 


den- 
dicular to their Surfaces) let then thoſe two Forces be reſolved 


that 
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that which it would paſs through perpendicular- 
ly in the ſame Time, alſo in that Proportion. 


IV. Tux Velocity, a Body acquires by fal- 9 
ling perpendicularly, is to that which it ac- falli 
quires by falling obliquely in the ſame Time, t b 
as the Space of its perpendicular Deſcent is to pen 
that of its oblique one F. e _ Cir 
V. Tuz Time, in which a Body deſcends _ l 
through the oblique Side of a Plane, is to that - ny 
in which it falls through the perpendicular ſup 
Height of the ſame, as the Length of the In 
oblique Side is to its Height +. PT = Its 
VI. A Bop acquires the ſame Velocity in 5 
falling down the oblique Side of a Plane, as by 
* Since by the Note to Section the laſt, a Body falls to &, F 
(Fig. 6.) in the ſame Time another falls to B, and (by Chap. V. * Fall 
F. 7.) the Space, a falling Body paſſes over in any Time, is half 11 
that which it would run over in the ſame Time moving uniformly _ | wy 
with its laſt acquir'd Velocity, it follows that the Body falling WT 
down the oblique Plane would paſs over double the Space AG, wr 
moving uniformly with its laſt acquir'd Velocity, in a Portion of IT: 
Time equal to that in which it was acquir'd ; likewiſe double | Ve 
the Space 4B would be paſſed over by the other Body moving i 
_ uniformly with its laſt acquir'd Velocity, in a Portion of Time | 'h 
equal to that in which it was acquir'd; but ſince the Velocities » k 
of Bodies moving uniformly are as, the Spaces they run over in . .. 
_ equal Times, the Velocities of the Bodies in G and B are to each | 10 
other as double the Lines AG and 4B, that is, as the Lines rj 
themſelves, which by F. 3. are as the Spaces run through in the + 
ſame Time, from whence the Propoſition is clear. " > 
+ Dem. The Square of the Time in which AC (Fig. 6.) is run e 
over, is to the Square of the Time in which AG is run over as "4 
AC to AG, (by Chap. V. . 4.) that is, ſince 4C, AB, AG are I 
continually proportional (8 Flem. 6.) as the Square of AC to the 6D 
Square of A5 (by Def. 10. Elem. 5.) therefore the Times them- 1 
ſelves are as the Lines AC and AB, that is, as the oblique Side i 


of the Plane to the perpendicular Height, 2. E. D. 


7 % 
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it would do, if it fell > through the per- 
pendicular Height of it“ 


VII. A Body takes up the ſame Time in 
falling through the Chord of a Circle, whether 


it be long or ſhort, as it does in falling per- 


pendicularly through the Diameter of the ſame 
Circle +. 


VIII. Upon this is founded hs Theory of 


Pendulums : For from hence it follows, Kut 
ſuppoſing a Pendulum could be made to vibrate 


in a Chord of a Circle, inſtead of an Arch, all 
Its Vibrations would require the ſame Time, 


whether they were large or ſmall +. 
IX. From hence we ſee the Reaſon, why 


the ſhorter Arches a Pendulum deſcribes, the | 


* Dem. The Square of the Velocity which a Body acquires by 
falling to G, is to the Square of the Velocity it acquires by fal- 


ling to C, as the Space AG to the Space AC (by Chap. V. 


$. 4 4. that is (by 8 Elem 6. and Def. 10. Elm. 5.) as AGg to 


A 805 conſequently the Velocity itſelf at G is to the Velocity 
itſelf at C, as 4G to AB : But fince 4G is run over in the ſame 
Time AB is (ſee Note to 5. 3.) the Velocity in G is alſo to the 
Velocity in B, as AG to AB, (by F. 4.) and conſequently fince 
the Velocities both in Cand B bear the ſame Proportion to 
that in G, they muſt be equal to each other. 2 F. D. 

+ Dem. It was demonſtrated ( 3.) that a a Body will fall 
from 4 to G, (Fig. 7) on the inclin'd Plane 4C, in the 
| fame Time another would fall freely to . provided 40 5 is a 
right Angle, in which Ciſe 4G (by 31 Elem. 3.) is a Chord of 
that Circle of which 4B is the Diameter ; tnerelore A Body falls 
| through the Chord, Sc. Q. F. D. 


+ This may be illuſtrated by conceiving the laſt Figure in- 


verted (as in Fig. 8) where ſuppoſing the Ball ſaſpended_ in 
ſuch. a Manner, as to ſwing in the right Line CA inſtead of 
the Arch G4, it would 5 FI ys ſail throuza it in the ſame 


Time, however long or ſhort it was, for the Inclination of 


| the Line GA to the horizontal Line EC, is not z lter'd by invert- 
ing the Figure. | 


nearer 
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nearer its Vibrations come to an Equality, for 
ſmall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Cychid; each Swing will then be perform'd 
in the fame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be more or leſs, it will always be run over by 
the Pendulum in the ſame Time. 

X. Tu Time of the Deſcent and Aſcent 
of a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the Time in 


+ ol Deſcription of a Cycloid . 


Upon the right Line AB, ( Fig. 9g.) let the Circle CDE be 
ſo plac'd, as to touch the Line inthe Point C, then let this Circle 
roll along upon it from C to H, as a Wheel upon the Ground, 

then will the Point C in one Revolution of the Circle deſcribe 
the Curve CKH, which is called a Cycloid. Now ſuppoſe two 


Plates of Metal bent into the form HK and KC, and placed in 7 | 


the Situation LH and LC, in ſuch Manner, that the Points H 
and C may be apply'd to L, and the Points anſwering to K 
be appply'd to H and C. This done, if a Pendulum as LP, 
in Length equal to LH, be made to vibrate between the Plates 
or Cheeks of the Cycloid LC and LH, it will ſwing in the 
Line CKH ; and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Cycloid, 
will be to the Time a Body takes up in falling perpendicularly 
through a Space equal to IK, (half the Length of the Pendu- 
lem) as the Circumference of a Circle to its Diameter, and 
_ conſequently it will always be the ſame. See theſe Things de- 
monſtrated in the Appendix. ; 2h. 
which 
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which a Body falling freely would deſcend 
1 eight Times the Length of the Pen- 
ulum. 5 


Fon the Time of the Deſcent alone upon 
the Chord is equal to that in which a Body 


would fall through the Diameter of the Cir- 


cle (by F. 7.); that is, twice the Length of 


the Pendulum: But in twice that Time (vix. 
during a whole Vibration) the Body would 


fall four Times as far (Chap. V. $. 4.), that is, 


through eight Times the Length of the Pen- 
dulum. | 


XI. Tux Times, that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 


* 


XII. Tun Center of Oſcillation, is a Point in 


which if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 


not be alter'd thereby + ; this is the Point from 
„ 5 whence 


Dem. Let there be two Pendulums & and B (Fag. 10. and 


11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 


through a Chord) is equal to the Time in wiuch a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated F. 7.) ; in like Manner the Time B vibrates in 15 
that in which a Body would fall through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 
Halves CA and CB, 1. e. of the Lengths of the Pendulums. 


+ The Rule for finding the Center of Oſcillation. ©  _ 
If the Ball 4B (Fig. 12.) be hung by the String CD, whoſe 


Weight is inconſiderable, the Center of Oſcillation is found thus; 
ſuppoſe 


r 
, 
OO CS 


. 
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whence the Length of a Pendulum is mea- 
ſur'd, which in our Latitude, in a Pendulum 
that ſwings Seconds, is thirty nine Inches and 
two Tenths. 1 „ 
XIII. Tux Squares of the Times in which 
Pendulums, acted upon by different Degrees 
of Gravity, perform their Vibrations in, are 
to each other, inverſly as the Gravities *. 
Fo whence it follows, that a Pendulum 
will vibrate flower when nearer the Equator, 
than the ſame when nearer the Poles ; for 


the 


| ſappoſe E the Center of the Globe, take the Line K of ſuch a 


Length, that it ſhall bear the ſame Proportion to ED as ED 
to EC, then EH being made equal to +. of &, the Point H ſhall 
be the Center of Oſcillation. I 8 „ 
If the Weight of the Rod CD be too conſiderable to be neg- 
lected, divide CD (Fig. 13.) in J, ſo that DJ may be equal to 
2. of CD, and make a Line as G, in the fame Proportion to CI, 
that the Weight of the Rod bears to that of the Globe, then 
| having found H the Center of Oſcillation of the Globe, as be- 
fore, divide IH in L, fo that IL may bear the ſame Proportion 


to LH, as the Line CH bears to the Line G; then will L be 
the Center of Oſcillation of the whole Pendulum. See the Me- 


thod of finding a general Rule for determining the Center of 
Oſcillation in all Caſes whatever, in the Appendix. 


* Dem. The Spaces, falling Bodies deſcend through, are as 
the Squares of the Times, when the Gravity by which they 


are impell'd is given (Chap. V. F. 4.); and as the Gravity 


when the Time is given (for the Sum of the Velocities produced 
in any Time will always be as the generating Forces:) Conſe- 


vently, when neither is given, they are in a Ratio compound- . 


ed of both; the Squares of the Times are therefore inverſly as 


the Gravities. [ For if in 3 Quantities a, b, c; a is as b c, 
1 „ | 3 


Cc 


then b: -,1, e. if a is given, as - or as c inver/ly.] But if 


th 


Chap. VII. Projectiles. 1 
the Gravity of all Bodies is leſs, the nearer 
they are to the Equator; v/z. on account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explain'd 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occafion'd by 
the Heat in thoſe Parts; (for we find by Ex- 
periment, that Bodies are inlarged in every 
Dimenſion in Proportion to the Degree of 
Heat that is given them ;) for which Reaſon 


(F. 11.) the Vibrations of the Pendulum will 
alſo be ſlower. 


LL TER, 
„ Projectiles. 


AA BODY, projected in a Direction pa- 
rallel or oblique to the Horizon, would 
proceed on in infinitum in a right Line (by 

the firſt Law of Nature) ; but being continually 

accelerated toward the Earth by its Gravity, it 
will deſcribe a Curve called a Parabola x. 


the Squares of the Times, in which Bodies fall through given 
Spaces, are inverſly as the Gravities by which they are acted 
upon; then the Squares of the Times, in which Pendulums of 
equal Lengths perform their Vibrations, will be alſo in the 
ſame Ratio, on account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent. 

of a Body through eight Times its Length (4. 12.) FE 
Den. Let us ſuppoſe the Body thrown from 4 in the 
Direction AB horizontally (Fig. 14.) or obliquely (Fig. 15. ) it 
would (if not attracted towards the Earth) move uniformly 
6 . from 


— 
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from A towards B, that is, in equal Times it would deſcribe 
equal Parts of the Line 4B, as AC, CD, DE, &c. but, if in 
the firſt Portion of Time, while it would move from 4 to 
C, it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence ; it will by a Compoſition 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Parallelo- 
gram ACGH. Then in twice that Time, viz. while it would 


have moved over two equal Portions, or. from A to D, it 


would fall downwards to M, four Times as far as before (Chap. 
V. b. 4.) and will therefore be found in J, ſuppoſing DI 
equal and parallel to AM. Then again in three Portions of 
Time, or while it would have moved over three Diviſions, 
that is from 4 to E, it would have fallen downwards nine 
Times as far as in the firſt Portion of 'Time, and therefore be- 


ing carried by theſe two Motions will at the End of that 


Time be found in K, ſuppoſing EK, or its equal AN, nine 
Times as long as AG or CH, &c. Therefore the Lines CH, 
DI, EK, &c. which are to each other as the Numbers 1, 


+3 


| 9, &c. are as the Squares of the Lines AC, AD, AE; (theſe 


being only as the Numbers 1, 2, 3.) But this is the Pro- 
perty of the Parabolic Curve. (See De L' Hojpiral B. I. Prop. 1. 


Corol. 2. and Prop. 3. Corol. 1.) Contequently the Curve 


AHIK, &c. which the Body moves in, whether thrown hori- 
 zontally or obliquely, is a Parabola. 2. E. D). „ 

Lemma 1. The Quotient which ariſes from the Diviſion of 
the Square of the Line AC by the Line AG, wiz. the Quantity 


— (in either of the Parabolic Curves, Fig. 14. or 15.) or 


the Square of the Line 4D divided by AM, wiz. I or 


the Square of AE divided by AN, viz. = 0 
Parameter of the Point 4, for GH is equal to 40 multiplied 


by the Parameter (De L' Hoſpital Con. Sect. B. I. Prop. 1 & 3.) 


therefore the Parameter is equal to GHq divided by AG, that is, 
404 


and conſequently any of theſe Quantities may be indifferently 
put to expreſs the Parameter of the ſame Point. 

Lemma 2. The Velocity a Body would acquire by falling 
from an Height equal to the fourth Part of the Parameter of 


the Point 4, is to the Velocity it would acquire by falling 
from A to NM, as AE is to twice AN. . 


The ſame is demonſtrable of AD divided by AM, &c. 
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Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 


ter, with that which it would acquire by falling to N, let 7 


be made choice of to denote the Parameter. Then will ex- 
preſs a fourth Part of the Parameter. Now becauſe the Ve- 
locities, acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces they fall through (Chap. V. F. 6.) the Velocity, ac- 
| | 2 JD | 
quir'd by a Body in deſcending chrough#L to that Velo- 
city, which it would acquire by falling through AV, as the 
ſquare Root of $4 to the ſquare Root of AN; that is, ex- 
tracting the Roots of thoſe Quantities, as TIN toy AN, 
and, multiplying each Term by V 4 N. as * AE to AN, or as 
"AE to twice ANV. E. DVD. e 
Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 


Parameter belonging to that Point of the Parabola, from whence 


it is intended to be projected. | | 5 
Dem. The Velocity with which a Body muſt be projected 
from 4 towards B, to make it deſcribe the given Parabola 
AHIK, muſt be ſuch, as would carry it to C by an uniform 
Motion, in the ſame Time that it would deſcend by its Gra- 
vity from 4 to 6; and to E, in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the fame 
Time, as AF is to twice AN ; becauſe (Chap. V. F. 7.) its Velo- 
city in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point A, is to that which it 
would acquire by falling from 4 to N, alſo as AF to twice 
AN. Since therefore the Velocity, with which the Line AE 
is deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 
falling through a fourth Part of the Parameter of the 9” 
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A, bear one and the ſame Proportion to that Velocity which 
a Body would acquire by falling from 4 to N, they muſt be 
equal. O. E. D. | 

Corol. This affords us an eaſy Method of finding what Di- 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation, v. g. 
Let it be requir'd to ſtrike an Object as X, with a, Ball thrown 
from A with a given Velocity. Here it is only neceſſary to 
make the Triangle AMX (ſuppoſe a right Line drawn from 


4 to K) ſuch, that Ah er, which the fame Thing, z in 


EK 
the Triangle AEK, may be equal to four Times the Space a 
Body muſt fall through, to acquire ſuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AE will 


be the Direction ſought. In order to this we muſt lay down 


the following Lemma. 


Lemma. Let there be a Circle as ABC (Fig. 16) AK a Tangent 


in the Point A, 4B and XI parallel to each other, and let 
the cther Lines be drawn, as in the Figure, I ſay * AB. 


For the Angle ABF is equal to the Angle EAK (32. Elem, 3.) 


and the Angle BAE is equal to the Angle AEXK as alternate, 
therefore the Triangles ABE and AEXK are ſimilar ; conſe- 
_ quently 4B is to AE, as AE to ER, and multiplying the 

extreme Terms together, and middle Terms together, AB x 


EK=A4Eq, and dividing both Sides of the Equation by EK, 


| „ 5 | | : 
15x Q. E. D. By the fame Method of arguing 


- aj = 
70 may be proved equal to AB, 


'The PROBLEM. 


Let it be requir'd to ſtrike an Object in a given Situation as K 


(Fig. 17.) with a Ball projected from A with a given Velocity. 

Solution, Erect A B perpendicular to the Horizon, and 
equal to four Times the Height a Body muſt fall from, to ac- 
quire the Velocity with which the Ball is to be thrown ; biſ- 


ſect this in the Point G, through which draw HC perpendi- 
cular to 4B, and meeting the Line AC (perpendicular to 


AK) in C. On Cas a Center with the Radius C 4, deſcribe 
the Circle 45 ; laſtly, through K draw the Line XEI per- 


_ pendicular 
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II. Tux greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees*. 
III. Ir two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty-five De- 
grees as the other below, the horizontal Di- 
ſtances (or Randoms) where they both fall, 
will be the ſame +. 5 
IV. Tux 


pendicular to the Horizon, cutting the Circle in the Points E and 
I; I ſay AE or A will be the Direction ſought. 1 


5 egy oo 
For by the Lemma, 4 for. but (ex conflrudio. 


ne) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 
FO AEg Alq . h 2 . 

therefore its Equal, FTI the Oy OI by t . 
rollary was the Thing requir'd to determine the Direction ſought; 
conſequently the Parabola, which the Body will deſcribe, will 
paſs through the Point X. Q. E. D. | 5 

Coroll. 1. From hence it ts evident, that, if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 18.) beyond 2, the Problem is impoſſible; for then QH 
will not touch the Circle, and- the Ball will not reach that 
Point with any Direction whatever. 5 


* And that when the Ball is directed towards H, it will 
fall on © the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle 2 A H being equal to AB H in the oppoſite 
Segment (32. Elem. 3.) is equal to half 46 H at the Center 
(20. Elem, 3.) which is a right one; conſequently 2AH is an 
Angle of 45 Degrees. | 
+ Coroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 19.) but nearer to 4, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſe in K; the two 
Directions AE and AJ, with which it may be hit, are equally 
. 84 diſtant 
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IV. Tur Height a Body will riſe to, when 


thrown perpendicularly upwards, is equal to 
half the greateſt horizontal Diſtance it can be 


throw to, with the ſame Velocity *. 


From hence we may eaſily know how far 
a Mortar-Piece, or other ſuch Machine, will 


carry a Ball. Let the Ball be ſhot perpendi- 


cularly upwards, note the Time of its Aſcent 
and Deſcent, half that is the Time of Deſcent, 
from whence we learn the Height from which 
it falls (for Bodies are obſerv'd to fall in the 
firſt Second of Time ſixteen Feet, conſequent- 


ly in two Seconds they fall four Times fixteen 
Feet (Chap V. F. 4.) in three, nine Times as 
much, Sc. but 1155 perpendicular Height from 
whence it falls is the ſame with that to which 


it aſcended, conſequently (F. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 


to which that Machine will carry 5 Ball with 


an equal Charge. 


diſtant fro the Direction AN; for the Angles IAN and 


HAE are equal, as inſi ilting on equal Arches IH and HE, 
Ff ˙ ©: -- 


* Coroll. z. The Altitude of a perpendicular Projection is 
equal to a 9 Part of the Height AP; for the Velocity, 


with which the Body is projected, is {ex hypoth.) ſuch as 
it would acquire by falling through a fourth 12 of the Line 


AB ; but a fourth Part of the Line AB is equal to half the 


Line GH, or 42 (Fig. 18.) that is, half the greateſt hori- 


zontal Diſtance to 8 the Body can be thrown. 
See Cotes's Harmonia en, p. 87. Keil's Introduct. 


ad Phyf. ral. 16. 


v. TAE 


* — _ 
7 


all 
wa 
the 
ſan 
fol 
rie 
by 
B 
up 
in 

me 
tio 


EASE eee 


PA 


Chap. VIL Projectiles. 14 


V. Tun Randoms of two Projectiles, hav- 
ing the ſame Degrees of Elevation, but thrown _ — 
with different Velocities, are as the Squares of | 
the Velocities : For by the laſt, the Randoms 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
aſcend, but the Heights are (Chap. V. F. 6.) 
nl as the Squares of the Velocities, therefore the 
Ut KRandoms are ſo too. 
nl VI. SureosixG the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
VPards, deſcribe Parabols's ; notwithſtanding 
they appear both to aſcend and deſcend 1 In the 
1 Aſameright Line, 
Tris may very eaſily be illuſtrated in the 
following Manner; let there be a Body car- 
tried uniformly along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
Bz; as it paſſes the Point C, let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO penpendicular to the for- 
mer: the Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 

3 towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O; let us then iuppoſe, 
that in the Time it would have advanced for- 
3 wardstoPin the Line AB, it riſes upwards to 
Min the Line CO; it will then be found 

in D (Chap. IV. 5. 2.) In like Manner, ſup- 
poſing it would have advanced forward 7) - 
while 


VCC 
* 8 5 __— 
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while it riſes to N, it would then be found in 


E, afterwards in F, then in G, &c. deſcribing 
the Curve CGL, which (from what was de- 


monſtrated under 8 1.) is a Parabola * 
Tux Reaſon, why it appears to a Spectutor 


to riſe and fall perpendicularly, is becauſe he is 


carried uniformly along with it by the Motion 
of the Earth in the Direction AB; v. g. Sup- 
poſe the Spectator at C at the Inſtant the Body 
is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 


will beat Q, Sc. as is evident from what was 
obſerved about the Motion of the Body in the 


Curve; and they will both meet in L. There- 
fore ſince the Spectator imagines himſelf ſtand- 
ing ſtill, and ſees the Body always perpendicu- 
| larly over his Head, he muſt of Courſe think, 
that it riſes right up, and falls right down, 


It may be proper to obſerve here, that Ex- 


periments, relating to the Motion of projected 


Bodies, do not exactly anſwer the Theory, 
the Reſiſtance of the Air deſtroying Part of 
their Motion ; for which a {mall Allowance 1 18 
to be made. 


* Dem. Suppoſe the Motion the Body had in common with 
the Earth towards B (Fig. 21) and that with which it is 


projected towards O, ſuch, as being compounded (Chap. IV. F. 2.) 


Would have produced a Motion 1 in the Direction CA; it will 
follow from thence, that the Path deſcribed by it will be the 
tame, as if it had been thrown in that Direction from a Point 
as C at Reſt; but in that Caſe it would have deſcribed a Pa- 
rabola as CCL . 'K therefore allo in this. 2 Z. D. 


CHAP, 


Che 
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CHAP. VII 
: Of Gentripetal and Centrifugal For Ces. 


HEN a Body is projected in an ho- 
rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Direc- 
tion, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from the Foot of the 
Mountain before it falls to the Ground ; 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by encreafing the Velo- 
city, the Diſtance to which it is projected may 
be encreaſed as much as you pleaſe ; fo that 
it will not fall to the Ground, till it is arrived 
at the Diſtance of ten, or thirty, or ninety 
Degrees; or till it has even ſurrounded the | 
whole A 
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whole Earth, and arrives at the very Top of 


the Mountain from whEnce it was projected: 
In this Caſe it will perform a ſecond Revolu- 


tion, and ſo on in inſinitum, without a new. 


Projection, provided tho Reſiſtance of the Air 


is taken away. And were the Sphere of the 


Earth's Attraction a limited one, it might be 
projected with ſuch Violence, that it would 
continually recede from the Earth in à Car ve, 
till at length it would go out of th. Sphere; 


after which it would go on in a _iiraight Line 
without ever FERPA: Which may ; thus be 


illuſtrated. 


LET ABC (Fig. 22.) repreſent the Earth, 
M the Top of the Mountain from hende 


the Body is projected in the Direction M;: 

It may be thrown with ſuch Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
MO, by which Means, if it gets out of the 
: Sphere of the Earth's Attraction, ſuppoſe at O, 

it will go on afterwards in the infinite ſtraight 
Line OX, a dere being nothing to ſtop or alter 
its Courſe. Farther it may be projected with 


ſuch a Force from M (Hg. 23.) as will cauſe it 
cContinually to recede 90 0 the Earth, till it ar- 


rives at the oppoſite Point G, deſcribing the 


Curve MKG; and if the Point G is within the 


Sphere of the Earth's Attraction, the Body will 
rcturn to M, deſcribing the Curve GLM ex- 
85 
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actly ſimilar to MKG; and in moving nearer 
and nearer to the Earth, till it comes to M, will 
regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
from G to M in the ſame Degree in which it 


oppoſed it from M to G; conſequently the 
Body when at M, having recovered the Velo- 


city with which it ſet out, will be enabled to 


perform a ſecond Revolution in the ſame Curve 


as before; and ſo on. 
AGaiN, ſuppoſe it had been projected from 


the Point M, with a leſs Degree of Force than 


would have carried it round in the Circle 


MDM (Hg. 22. ) but greater than would have 
ſuffered it to have fallen to the Earth at the 


oppoſite Point F (Fig. 23.) it would alſo in 


this Caſe have arrived at the Point of M, from 


whence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 


towards the Earth in its Way thither, over and 
above that, with which it was projected from 


M, would be ſufficient to carry it off again 

from the Earth, till it arrived at M; and to 

' make it deſeribe the Path FPM exactly fimi- 

lar and equal to the former, loſing in its Way 
from F to M juſt fo much Velocity, as it gain- 

ed by paſſing from M to F; and thereby it 

would be enabled to perform an infinite 1 0 
ber of Revolutions in the ſame Curve, with- 
out requiring a ſecond Projection. 


FROM 


” 
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FrRoM hence it follows, that ſuppoſing a 


Body projected from a Point at any Diſtance 


within the Sphere of the Earth's Attraction, 
with a Force ſufticient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half; 

but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 


tions in the fs Curve ; provided it meets 


with no Reſiſtance from the Medium through 


which it paſſes, nor any other Obſtacle to ob- 
ſtruct its Motion *. 


FRoM hence als it is clear, that, the near- 
er the revolving Body approaches to the Earth, 
the faſter it moves; its Velocity being conti- 


nually increaſed during the Time of its Acceſs 


towards the Earth, and as much retarded du- 
ring its Receſs Coon it. And this Accelera- 


tion and Retardation will always be ſuch, that 
the, Body will deſcribe equal Areas in equal 
Times: The Meaning of which is, that if we 
imagine a Line conſtantly extended from the 
Center of the Earth to the Center of the 


Body, that Line will always deſcribe or paſs 
through 9 Surfaces or Spaces in equal 


* Gravity is here ſuppoſed to be inverſly as the Squares of 


the Diſtance from the Earth, for 'tis poſſible that the Force, 


by which a Body tends towards another, may vary in ſuch a 
Manner at different Diſtances, that the projected Body ſhall 


deſcribe a ſpiral Line, continually approaching to, or receding 
ſrom that about which it revolves. 


Times, 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice versd *. 
AND for the ſame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceflive Revolutions therein; it follows, that 


the Moon may by the ſame Force of Gravi- 


* Dez. Let the Time in which the Body performs one Re- 
volution be divided into equal Parts, in the firſt of which let 
the Body deſcribe the right Line AB (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ftraight on to c, 
deſcribing the Line Be equal to 4B by the firſt Law of Na- 
ture; the Lines $4, SB, Sc being drawn, the Triangles SHA, 
ScB, will be equal to each other, their Baſes AB and Be be- 
ing equal, and their Heights & the ſame (38 Elem. 1.) When 
the Body arrives at B, let the centripetal Force by one ſingle 
Impulſe turn it out of the ſtraight Line B c into the Line BC; 
in which let it move on uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Cc be drawn parallel to 8 B 
meeting BC in C; then at the End of the ſecond Part of Time, 
the Body will be found in C, having deſcribed the Diagonal 
of the Parallelogram Nc (Chap. IV. F. 2.) Draw SC, and the 
Triangle SCB will be equal to the Triangle ScB, (each hav- 
ing the ſame Baſe $ B and being between the ſame Parallels 
Cc and SB) and therefore alſo equal to the Triangle $ B A. 
For the ſame Reaſon, if the centripetal Force acts in the Points 
C, D, E ſucceſſively, ſo as to make the Body deſcribe the 
ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle S845. Conſequently equal 
Areas are deſcribed in equal Times. Let us then ſappoſe the 
Baſes of thoſe Triangles, wiz. AB, BC, CD, Df, &c. di- 
miniſhed ix infinitum, and likewiſe the Times in which they 
are deſcribed ; then will the Perimeter 4, B, C, D, E, F, 
& c. become a Curve, and any Number of thoſe Triangles taken 
together (or their Areas) will be proportionable to the Times 
in which they are deſcribed. 2. E. D. 5 
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From hence it follows, that ſuppoſing a 

Body projected from a Point at any Diſtance 
within the Sphere of the Earth's Attraction, 
with a Force ſufficient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half; 
but will return to the Point from whence it 


ſet out, making continual ſucceſſive Revolu- 
tions in the 3 Curve; provided it meets 


with no Reſiſtance from the Medium through 


which it paſſes, nor any other Obſtacle to ob- 


ſtruct its Motion *. 
FROM hence alſo it is clear, that, the near- 


er the revolving Body approaches to the Earth, 
the faſter it moves; its Velocity being conti- 


nually increaſed during the Time of its Acceſs 
towards the Earth, and as much retarded du- 


ring its Receſs from it. And this Accelera- 


tion and Retardation will always be ſuch, that 


the Body will deſcribe equal Areas in equal 
Times: The Meaning of which is, that if we 
imagine a Line conſtantly extended from the 


Center of the Earth to the Center of the 
Body, that Line will always deſcribe or paſs 
through equal Surfaces | or Spaces in equal: 


* Gravity is 1 ſuppoſed to be inverſly as the Squares of 


the Diſtance from the Earth, for 'tis poſſible that the Force, 


by which a Body tends towards another, may vary in ſuch a 
Manner at different Diſtances, that the projected Body ſhall 


deſcribe a ſpiral Line, continually approaching to, or receding 
from that about which it revolves. 


Times, 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice verd. 


AxD for the ſame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 


round the Earth, and perform continual ſuc- 
ceſſive Revolutions therein; it follows, that 


the Moon may by the ſame Force of Gravi- 


* Dem. Let the Time in which the Body performs one Re- 
volution be divided into equal Parts, in the firſt of which let 
the Body deſcribe the right Line 45 (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Be equal to 4B by the firſt Law of Na- 
ture; the Lines $4, SB, Sc being drawn, the Triangles SBA, 
ScB, will be equal to each other, their Baſes AB and Be be- 
ing equal, and their Heights & the ſame (38. Elem. 1.) Wen 
the Body arrives at B, let the centripetal Force by one fingle 
Impulſe turn it out of the ſtraight Line B c into the Line BC; 
in which let it move on uniformly without receiving a ſecond. 
Impulſe till it comes to C. Let Cc be drawn parallel to $ B 
meeting BC in C; then at the End of the ſecond Part of Time, 
the Body will be found in C, having deſcribed the Diagonal 
of the Parallelogram Ne (Chap. IV. 5. 2.) Draw SC, and the 
Triangle SCB will be equal to the Triangle ScB, (zach hav- 
ing the ſame Baſe 8 B and being between the ſame Parallels 
Cc and SB) and therefore alſo equal to the Triangle $ B A. 
For the ſame Reaſon, if the centripetal Force acts in the Points 
C, D, E ſucceſſively, ſo as to make the Body deſcribe the 
ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle 845. Conſequently equal 
Areas are deſcribed in equal Times, Let us then ſappoſe the 
Baſes of thoſe Triangles, wiz. AB, BC, CD, DH, &c. di- 
miniſhed 77 infinitum, and likewiſe the Times in which they 
are deſcribed ; then will the Perimeter 4, B, C, D, E, F, 
&c. become a Curve, and any Number of thoſe 'Triangles taken 
together (or their Areas) will be proportionable to the Times 
in which they are deſcribed. 2. E. D. | 
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be made to revolve about the Earth, or any 
other Planet, by the like Force, about the 
Sun; if the Velocities with which they move 
are duly adjuſted to the Forces by which they 
are acted upon. 

WurN a Body revolves abort another in 
this Manner, that Force or Power by which it 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which it 
deſcribes) is call'd the Centripetal ; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the third 
Law of Nature, being equal to each other, 
are called by one common Name, Central 
Forces; that with which the Body is at firſt 
55 projected, or continues its Motion from any 

Point, is the Projefile Force; and the Time 

in which it performs one Revolution, the Pe- 
riodical Time. 

Tusk Forces, 3 relating to the Mo- 
tions of the Heavenly Bodies, will be more 
largely treated of in the fourth Part of this 


Treatiſe. 
C H A P. KR. 
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Laws, by which Bodies communicate 


their Motion from one to another, it is very 
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Chap. IX. Communication of Motion. 4.9 
neceſſary to make a Diſtinction between Mo- 
tion and Velocity ; which ought to be well ob- 
ſerv'd, and is as follows. 
By the Motion of a Body (ſometimes called 
its Quantity of Motion, ſometimes its Momen- 
tum) is not to be underitood the Velocity only, 
with which the Body moves; but the Sum of 
the Motion of all its Parts taken together : 
Conſequently the more Matter any Body con- 
tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſup poſing 
= Bodies, one containing ten Times the Quan- 
tity of Matter the other does, moving with 
equal Velocity; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 
that the other has: For 'tis evident, that a 
tenth Part of the larger has as much, as the 
other whole Body. In ſhort, that Quality in 
moving Bodies, which Philoſophers underſtand 
by the Term Momentum or Motion, is no 
other than what is vulgarly called their Force, 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity. 
This is that Power, a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a fundamental Principle 
in Mechanics. | 
II. Now, ſince this man bird or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves; the Method, to determine how 
1209 e 8 greet 
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oreat it is, is to multiply one by the other. 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity, which the other has; any two 
Numbers, that are to each other as two to one, 


will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 


ties of Matter which we need conſider) and 
any two Numbers that are as three to one 
their Velocities ; now multiplying the Quan- 
' tity of Matter in the farſt, v/2. two by its Ve- 
locity three, the Product is fix ; and multi- 


| plying the Quantity of Matter in the ſecond 


by its Velocity, viz. one by one, the Product 


is one; their relative Forces therefore or Pow- 
ers will be as ſix to one, or the Moment of one 
is fix Times greater than that of the other, 
Again if their Quantities of Matter had been 
as three to eight, and their Velocities as two to 


three, then would their Moments have been as 


fix to twenty four, that is, as one to four. 


Tx1s being rightly apprehended, what fol- 
lows, concerning the Laws of the Communica- 
tion of .Motion by Impulſe, and the mechani- 


cal Powers, will be eaſily underſtood. 
The communication of Motion. 


I. In Bodies not t Elaſtic. 


HE „Fugen Bodies are ſaid to be not Ela- 
Ae Which, hen 21 ſtrike int one ano- 
ther, 
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Chap. IX. Communication of Motion. « x 
ther, do not rebound, but accompany one a- 
nother after Impact, as if they were joined, 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
N Force ceaſes to act. For all rebound- 
ng is occaſioned by a certain Spring in the 


Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and throw off the 


impinging Body; now, this being wanting in 


Bodies void of Elaſticity, there follows no Se- 


paration after Impact. 1 A 

IV. Wurd one Body impinges on another 
which is at Reſt, or moving with leſs Velocity 
the ſame Way, the Quantity of the Motion 


or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 


by the third Law of Nature, the Reaction of 


one being equal to the Action of the other, 
what one gains, the other mult loſe. 


Tuvs, ſuppoſe two equal Bodies, one im- 


pinging with twelve Degrees of Velocity on 
the other at Reſt: The Quantities of Matter in 


the Bodies being equal, their Moments and 
Velocities are the fame; the Sum in both 
twelve; this remains the ſame after Impact 
(F. 4.) and is equally divided between them 


(. 3.) they have therefore ſix a-piece, that is, 
the impinging Body communicates half its 


Velocity, and keeps half. 
D 2 V. Wuxx 
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V. Wurx two Bodies impinge on each o- 
ther by moving contrary Ways, the Quantity 


of Motion, they retain after Impact, is equal 


to the Difference of the Motion they had be- 


fore ; for by the third Law of Nature, that, 


which had the leaſt Mction, will deſtroy an 


equal Quantity in the other, after which they 


will move together with the Remainder, that 
is the Difference. 


Tuus for Inſtance, let there be two equal 


Bodies moving towards each other, the one 


with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the ſame after 


Impact (F. 5.) and is equally divided be- 


tweeen them (9. 3.) they have therefore one 
a-piece: That is, the Body, which had five 
Degrees of Velocity, loſes three, or as much as 
the other had, communicates half the Remain- 
der, and keeps the other half *. 1775 


* From theſe Poſitions it is eaſy to reduce a Theorem, that 


ſhall ſhew the Velocity of Bodies after Impact in all Caſes what- 
ever, Let there be two Bodies A and B, the Velocity of the firſt 
a, of the other 6; then (F. 2.) the Moment of A will be ex- 
preſſed by Aa, and of B by Bb; therefore the Sum of both 


will be Aaſ-Bb ; and Aa—Bb will be the Difference. when 


they meet. Now theſe Quantities (by 5. 4. and 5.) remain the 
ſame after Impact; but knowing the Quantities of Motion and 
_ Quantities of Matter, we have the Velocity (which F. 3. is the 


ſame in both) by dividing the former by the latter (as follows 
from F. 2.) therefore Eg. or , 


| 5 AA -B 
preſs the Velocity of the Bodies after Impact. 


II. In 


— will in all Caſes ex- | 
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11. In Elaſtic Bodies. 


VI. Bopixs perfectly Flaſtic are ſuch as re- 


bound after Impact with a Force equal to that 
with which they impinge upon one another: 
Thoſe Parts of their Surfaces, that receive the 


Impreſſion, immediately ſpringing back, and 


throwing off the impinging Bodies with a 
Force equal to that of Impact. 


VII. From hence it follows, that the Action 
of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
twice as much as the ſame in Bodies void of 
Elaſticity, Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Motion as if 
they had not been Elaſtic; we have therefore 


an ealy Way of determining the Change of 


Motion in Elaſtic Bodies, knowing firſt what 


it would have been in the ſame Circumſtances, 


had the Bodies been void of Elaſticity. 


Trvs, if there be two equal and Elaſtic 


Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
Reſt, the impinging Body will communicate 
twice as much Velocity as if it had not been 
Elaſtic, that is (by §. 4.) twelve Degrees, or 
all it had; pun er it will be at Reſt, and 
the other will move-on with the whole Velo- 


city of the former. 


. 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 
laſtic, it loſes more than oY - that is, the Ex- 
ceſs of what it loſes, above what it has, is ne- 
gative, or in a contrary Direction; thus, ſup- 
poſe the Circumſtances of Impact ſuch, that a 
Body, Which has but twelve Degrees of Velo- 
city, loſes ſixteen ; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. v 
Let it be required to determine the Velocity 


of a Body after Impact againſt an immoveable 


Object. Let us firſt ſuppoſe the Object and 
Body both void of Elaſticity : Tis evident the 


impinging Body would be ſtopp'd or loſe all its 
Motion, and communicate none; if they are 


Elaſtic, it muſt loſe twice as much (by 4 7. 


and conſequently will rebound with a Force 


equal to that of the Stroke. 


IX. Ir is ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be, infinitely 
hard ; for then the Impreſſion in the Elaſtic 


Body will be double of what it would have 


been, had they both been equally Elaſtic: * 


conſequently ths Force with which they. re 


bound, will be the ſame as if the Impreffion 


had been equally divided between the two 
Bodies. 


NX. TükRE are no Bodies, that we know 
of, either , or infinitely hard; 


the | 
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the nearer therefore any Bodies approach to 


Perfection of Elaſticity, ſo much the nearer do 


the Laws, which they obſerve in the mutual 


Communication of their Motion, approach to 


thoſe we have laid down. 
XI. Sir Isaac NRwTox made Trials with 
ſeveral Bodies, and found that the ſame De- 
oy of Elaſticity always appeared in the ſame 
odies, with whatever Force they were ſtruck, 
fo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 


Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 


up very compact, receded from each other, to 


bear nearly the Proportion of five to nine to the 


Celerity wherewith they met; and in Steel, he 
found nearly the ſame Porportion; in Cork me - 
Elaſticity was ſomething leſs, but in Glaſs 
much greater; for the Celerity, with which Balls 


of that Material ſeparated after Percuſſion, he 


found to bear the Proportion of fifteen to ſix- 


teen to the Celerity wherewith they met 


XII. W have hitherto ſuppoſed the Di- 


rection, in which Bodies impinge upon one 
another, to be perpendicular to their Surfaces : 
When it is not fo, the Force of Impact will 


be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 
nifeſt that a direct - + rg Is the greateſt of all 


* Newt. Princip. Phil, pag 21. 
D 4 others 
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others that can be given with the ſame Degree 
of Velocity &. 

XIII. Tunis is the Caſe, when Bodies! imp A 
one another by acting upon their 8 5 
but in Forces, where the Surfaces of Bodies 
are not concerned, as in Attraction, &c. we 
muſt not conſider the Relation which the Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two Directions vary 


from each other Tt My Meaning in both 
„ 


* The Force of oblique Percuſſion is to that of n as the 
Sine of the Angle of Incidence to the Radius, 
Diem. Let there be a Plane as % (Fig. 25.) againſt which let 
a Body impinge in the Point D in the Dice Aion BD: which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
be reſolved into two others (Chap, IV. F. z) BC and BA; the 
one parallel, the other perpendicular to the Plane; but that Force 
which 1s exerted in a Direction parallel to the Plane can no Way 
affect it; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line BA; but this is to the Line BD, as the Sine 
of the Angle of Incidence ADB to the Radius; from whence 
the Propoſition is clear. 

If the Surface of the Body to be ſtruck is a Curve, thaw let AD 
be made a T angent to D the Point of Incidence, and the De- 
monſtration will be the ſame. 


RES. The Force of oblique Aion i is to by of direct, as _ Co- | 
Sine of the Angle comprehended between the Direction of the 
Force, and that wherein a Body 1 is to be moved thereby, to the 
Radius. 
Dem. Let FD ( Fig. 26.) repreſent a Force ating apon a 
Body as D, and impelling it towards E; but let DM be the 
only Way in which it is ben for the Body to move; the 


Force ' 
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Cafes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 


face of the Sail: But the Force of the Sail; to 
move the Ship forward, will be leſs, by how 
much the more the Direction of the. Ship's 
Courſe varies from that, in which ſhe is im- 


pell'd by the Sail. 


XIV. To this we may add the following 
Propoſition, relating to oblique Forces, viz. 
that, if a Body is drawn or impelled three 
different Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 


Body is kept in its Place by them: Then will 


the Forces be to each other, as the ſeve- 


ral Sides of a Triangle, drawn reſpectively 


parallel to the Directions in which they act“. 
Force FD may be reſolved (Chap. 4. F. 2.) into two others FG 
and FH, or which is equal to GD ; but 'tis evident thit only the 


Force GD impels it towards H. Now, FD being the Radius, 
60 is the Co-Sine of the Angle FDG comprehended between 


the two Directions FE and GM ; from whence the Propoſition 
1s clear. „ 8 


Den. Let the Lines AP, AD, AE, (Fig. 27.) repreſent 
the three Forces acting upon the Body A in thoſe Directions, 


and by that Means keeping it at Reſt in the Point 4. Then 


the Forcs EA and DA wil: be equivalent to F A, otherwiſe 
the Body would be put into Motion by them (contra Hypoth.} 
But theſe Forces are alſo equivalent to 40 (Chap. IV. $. 2) 
"conſequently AC may be made uſe of to expreſs the Force 4B ; 
and EC, which is parallel and equal to AD, may cxpreſs the 


_ Farce 


Bs — . 


r 


- — * 


nn — þd ” eo S : th * * — 5 . 
5 Ne p by n ” - 
„ nd ee re Sentry 


2 — RET, 


58 


Mechanical Powers. Part I. 
CHAP. *. Bae 
OP the Mechanical Powers. | 


*. 


AVING, in the WER? Chapin 


fider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe of 


theſe Powers conſiſts chiefly in managing great 
Weights, or performing other Works way a 
determinate Force. 


II. TFnzy are uſually reckngd Dive; -V1S. 
The Lever, the Wheel and Axis, the Pully, 


the Screw, and the Wedge; to which ſome 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. 


III. Tursꝝ Inſtruments have been of very 


ancient Uſe; for we find that Archimedes was 
well acquainted with the Extent of their Pow- 


er; as may be inferred from that celebrated 
Saying of his, Als ms Fo, Mal hy yw Ku. 


By which he meant, that the greateſt imagi- 


nable Weight might be moved with the imall- 


5 eſt Power. 


Force 4D, while AE 3 its own : But ACE. is 2 Tri- 
angle whoſe Sides are all parallel to the given Directions; | 
cherefore the Sides of this Triangle will expreſs the Relation of _ 


the Forces by which the Body i is kept at Reſt, Q. E. D. 


IV. Trar 


accounted for the Communication of 
Motion by Impulſe ; we proceed next to eon- 


—— aa, go 


. 


IV. THAT Body, which communicates Mo- 
tion to another, is called the Power ; that 
which receives it, the Weight. 

V. Tuar point in a Body, which remains 
at Reſt, while the Body is turning round, is 
called the Center of Motion. Befides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 

ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity, or that, 
about which all the Parts of the Body, in 
- whatever Situation it is placed, exactly WS 
each other. 

VI. WurN a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the ot her. 

See Chapter the laſt, F. 4. and 5. 

VII. WARN two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them fixed to dif- 
ferent Parts of the ſame Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily have ſuch a Degree of Velocity gi- 
ven it, that their Moments will be equal; it 
will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
a Quantity of Motion equal to its own; tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſlant it muſt loſe all its own Motion 
by COMMUNnCapng, the whole to the other 
Body, 
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Body, and therefore, being left to itſelf, will 
remain at reſt, and communicate none at all. 

Now the Moments of two Bodies are equal 
(Chap. IX. F. 2.) when the Velocity of the 
firſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the firſt ; 
or if we ſuppoſe their Quantities of Matter 


as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we mul- 


tiply the Quantity of Matter in the firſt, viz. 


one, by its Velocity three, and that of the o- 


ther, vir. three, by its Velocity one; their Pro- 


ducts are equal: their Moments are therefore 
by the Definition (Chap. XI. F. I. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the fame, the 
Spaces will always be as the Velocities. © 


VIII. FRomM hence it follows, that in any 


Machine, whether fimple or compound, the 
Power however ſmall may have a Moment 


equal to that of the Weight ; provided the 
Machine be ſuch, that when It is in Motion, 


the Velocity of the Power ſhall bear ſuch Pro- 


portion to that of the Weight, as the Weight 


does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity; conſequently their 


Moments will be equal byF. the laft, and 


therefore by F. 7. they will exactly balance 
_ each other; or bet in Aquilibrio. | 


1 1 


Chap. X. « The Lever. 61 

IX. Bur if the Power bears a greater Pro- 
portion to. the Weight, than the Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other; 
ſo that though the other receives all its own 
Moment from it when the Machine moves, 
yet there will ſome remain, which, if it be ſuf. 
ficient to overcome the Friction of the Machine, 
will keep it moving. 


WI proceed now to treat of Fe Mecha- 
nical Power in its Order, and 


I. Of the Lzves. 


X. Tur Lever is a right Line (or Bar whoſe 
Weight in Theory is not conſider'd) moveable 
on a Center, which is called its Fulcrum, or 
fixed Point. 
XI. THE Aquilibriom_ i in this Machine ! is, 
vhen the Diſtance of the Power from the fixed 
Point is to that of the Weight from the ſame, 
as the Quantity of Matter in the Weight is to 
that in the Power. 

Fox, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the other ; 

tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when the Machine is 
put in Motion; that is, it will move over pro- 
portionably more Space in the ſame Time than 
the Weight to be raiſed: now, if it is placed juſt 


ſo 


on The Lever. Part I. 
ſo many Times farther from the Fulcrum, as it 
is leſs than the Weight, it will move juſt ſo 
many Times faſter ; their Moments therefore 
will be equal ($. 7.) and conſequently the Pow- 
er and Weight will exactly balance each other, 
or be in Aquilibrio ®. And, if the Power is 


ſufficiently augmented to overcome the Friction 


of the Machine, it will put it in Motion. 
TE Lever is of three Kinds. 1. When the 


fixed Point is between the Weight and the 


Power, as in the laſt Caſe. 2. When the 


Weight is between the fixed Point and the 


Power. 3. When the Power is between the 


fixed Point and the Weight. 


In all which Caſes the Mquilibrium will 


be, when their Diſtances from the fixed Point 


are ſuch, that their Velocities ſhall be inverſe- 


ly as their Quantities of Matter ; for then (by 
9.7.) being at Reſt, neither of them will com- 


municate any Motion to the other. 


Tux common Scales ay be conſidered as 


» Geometrically thus. Let AB ( Fig. 28.) repreſent the Le- 
ver, £ the Fulcrum, the Weight, P the Power, the one ſuſ- 
pended at the Extremity of the Lever 4, the other at B, and 


let BF be to FA as to P; then while the Lever moves from | 


the Situation AB into that of CD, the Point B which ſuſtains 
the Power will move as many Times farther than 4 which ſuſtains 
the Weight (and conſequently as many Times faſter, ſince they 
perform their Motions in the ſame Time) as the Arch BD is long- 
er than 40; that is, the Triangles BFD and AFC being ſimilar, 
2s the Arm BF is longer than AF, which (ex Hypoth. ) is as ma- 
Times as the Weight exceeds: the en they will therefore 
67 70 be in AEquilibrio. V E. 


a Lever 
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a Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 
the fixed Point. 

The Steelyard is alſo. a Lever of the firſt 
Kind, but whoſe Arms are unequal. 
Tux Difference between the Uſe of the 
Scales and the Steelyard conſiſts in this; that 
as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
heavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
ſpect to that of the Weight by applying it 
farther from the fixed Point, which by g. 7. 
will have the ſame Effect. | 


II. The WREEI. and A 


XII. Tais Machine is a Wheel, that turns 
round together with its Axis ; the Power in 
this is applied to the Circumference of the 

Wheel, and the Weight drawn up by Means 

of a Rope wound about the Axis. 

XIII. In this there will be an Aquilibrium, 
when the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of the 

Axis. -- 

Tis evident, the Velocity of the Power will 
exceed the Velocity of the Weight, as many Times 

as the Circumference of the Wheel exceeds that 

1 of its Axis; becauſe the Spaces they paſs over 

in one Revolution will be as thoſe Circum- 

ferences; that is, as many Times as the Dia- 

meter 
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meter of one exceeds that of the other (the 


Circumferences of Circles being as their Dia- 
meters;) what therefore in this Caſe the Pow- 
er wants in Weight will be made up in Velo- 
city, from whence (8 7.) there will be an A 
quilibrium *. 


Taz Uſe of this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 


ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another ; 


accordingly there are few compound Machines 


without it. 


III. The Pötter 


XIV. A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 


| Axes. 
XV. A fimple Pulley, if its Axis 1s fixed, 


is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 


Weight will both move ea an equal 


* Geometrically thus. Let AB (Fig. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, the Weight, and 


P the Power ; when the Wheel begins to move, the Point - 


'B and D will deſcribe ſimilar Arches about the Center C, in 
the ſame Manner the Point A and B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point B 
will move as many Times faſter than D, as CB is longer than 
CD or AB than DE, the. Motion therefore of P (F. 7.) will 
be equal to that of V. From whence the Propoſition is clear. 


yore = 5 Space 
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Space in the ſame Time. But in a Pulle 
not fixed, as in Fig. 30. where the Rope 
runs. under it, or in a Combination of Pullies 
as in Fig. 31. the Aquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullies, 
Fon, ſuppoſe one End of the Rope fixed 
in B (Fig. 30.) and the other ſupported by the 
Power P, 1. is evident, that in order to raiſe 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal: for the ſame Reaſon, if there be four 
Ropes ' paſſing from the upper to the lower 
Pullies as in Fig. 3 1. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, &c. In all Caſes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 
the lower Pullics (F. 7) there will be an E- 


quilibrium.. 


AVI. Ir the pullies be vifpoled* as in Figure 
the 32d, each having its own particular Rope, 
the Action of the Power will be very much 
increaſed; for here every Pulley doubles it, 
Wherefore: the: Power 1s four Times greater 
with two Pullies, eight Times with three, 
E ſixteen. 
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meter of one exceeds that of the other (the 
Circumferences of Circles being as their Dia- 


meters;) what therefore in this Cafe the Po w- 
er wants in Weight will be made up in Velo- 


city, from whence [F. 7.) there will be an E- 
quilibrium &. 


TRE Uſe of this Machine 1 to ral 5 


Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 


ing turned ſeveral Times round, which the 


Lever is not; and alſo to communicate Mo- 
tion from ohe Part of a Machine to another ; 
accordingly there are few compound Machines 


without it. 


III. The Pk cats: 
XIV, A Pulley is an Inſtrument compoſed | 
of one or more Wheels moveable on their 


Axes. 

XV. A ſimple Pulley, if its Axis is fixed, 
is of no other Uſe, than to alter the Direc: 
tion of the Power; for the Power and 


Weight will both move through an equal 


= 3 FOR Let 4B ( Fig. 29.) be the Diame- 


ter of the Wheel, DE that of the Axis, i the Weight, and 
P the Power ; when the Wheel begins to move, the Point 
B and D will deſcribe ſimilar Arches about the Center C, in 
the fame Manner the Point A and B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point 3 


will move as many Times faſter than D, as CB is longer than 
CD or 4B than DE, the Motion therefore of P (F. 7.) will 


be equal to that of W. From whence the Propoſition 1s clear. 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fg. 31. the Ægquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between che up- 
per and lower Pullies. 
on 1 one End of the Rope fixed 
in B (Fg. 30.) and the other ſupported by the 
ower P, 5 is evident, that in order to raiſe 
the Weight W one Foot, the Power muſt rife 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot apiece, when the Space 
run over by the Power will be double to that 
of the Weight ; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal : for the ſame Reaſon, if there be four 
Ropes paſſing from the upper to the lower 
Pullies as in Eg. 3 1. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, Gc. In all Caſes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 


the lower Pullies ($. 7.) there will be an . 


quilibrium.. 


XVI. Ir the Pullies be diſpoſed as in Figure 
the 32d, each having its own particular Rope, 
the Action of the Power will be very much 
increaſed; for here every Pulley doubles it, 
wberefore the Power is four Times greater 
with two Pullies, eight Times with three, 


E ſixteen 
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fixteen Times with four, Se. For, it is evi- 
dent from the Conſideration of the Figure, the 
firſt will move half as faſt as the Power, 
the ſecond half as faſt as that, and ſo on; 
wherefore (F. 7.) the Power is doubled by 
each Pulley. | 
Tux Uſe of the Pulley i is nearly the fame 
with that of the Wheel and Axis, but it is 
more portable, * eaſier to be fixed ws. 


IV. The Scxzw. 


XVII. In this Machine the Aquilibrium 
will be, when the Power is to the Weight, 

as the Diſtance between any two contiguous 
Threads or Spirals in the Screw, to the Way 
deſcribed by the Power in one whole Revolu- 
tion. It is manifeſt from the Form of the 
Machine (Fig. 33.) that in one Revolution of 
the Screw, the Weight will be moved through 
2 Space equal to the Diſtance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compaſs it takes 
in one Revolution, therefore ($, 7.) if the 
Weight is to the Power in that Proportion, 
there will be an Equilibrium. 

Tas Machine is of great Force, and very 
uſeful in retaining Bodies in a compreſſed 
State, becauſe it will not run back, as the 
three foregoing will, when the Power is re- 
moved. Thie ariſes from the great ""_ 

© 


i 


. 


#' 26. P56. 


* 


—U]PkAꝑ— EkU 2 © odds 
* 


Chap. Xx. The Wedge. 67 
of thoſe Parts in the Screw, which during its 
Motion flide upon thoſe that are at Reſt. 


V. The WEpcx. 

XVIII. Tars Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third ; 
which is called the Back of the Wedge; the 
other two, its Sides. ' 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 

which it is acted upon. by the Machine, as is 
commonly the Caſe; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide - 
Y differed in their Determination of the 
ower of this Machine, ſome conſidering the 
Weight as moved by it in one Direction, and 
ſome in another, Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 
one. 1. It is demonſtrated by ſome, that the 
Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 
do it, as the Breadth of the Back of the Wedge 
5 =. - does 


does to the Sum of its Sides; or, which is 
the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular. 
Height of the Wedge. 3. Some are of Opi- 
nion, that there will not be an Æquilibrium 
in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 


the perpendicular Height; vis. WALLIS, 


KEIL, GRAVESANDE, Cc. 

Tos, who lay down the firft Proportion 
for determing the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from their firſt 


Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let BAC (Pg. 34.) 
repreſent a Wedge; P, P, two Bodies to be 


| ſeparated by it, the one to be moved towards 
I, the other towards F, in the Directions CT, 
and CF, perpendicular to AC and CB; then 
tis evident, that when the Wedge is driven 
into the Situation MNO, the two Bodies 


will be moved to Q and Q; that is, one will 


have paſſed through the Space CK, the other 
through CL, but theſe Spaces being equal, 


their Velocities are the ſame as if they had 


both paſſed over one of them, v. g. CL, or, 
which is equal to it, DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied at D, moves through DC, while 
ha : ae "Fo 


or 


„ 


,; 
the Obſtacle moves through DG, conſequent- 
1y ($. 7.) when the Power is to the Weight 


as DG to DC, that is, as DB to CB*, or 
half the Back of the Wedge to one of its 


Sides, they will be in Æquilibrio. This Pro- 


portion therefore, when the Parts of the 


: Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, is 
true. 35 | 


* 2: mn ſecond Proportion is alſo true, ſup- 
poſing the Bodies P, P, to recede from each 


bother in the Directions CN and CM, parallel to 
Ag the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or, which is equal 
to it, DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 
as before; conſequently (F. 7.) in this Caſe, 
the Aquilibrium will be, when the Power is 
to the Weight, as half the Back of the Wedge 
to its Height . , 


E 3 5 23. TrosE 


* For (8 Elem. 6) the Triangles DCG and DCB are fimilar, 


| and conſequently DG: DC: : DB: CB. 


+ The ſame may be otherwiſe demonſtrated from Section 14. 


Chapter 9. thus. Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge ABC by the Weight V, in the Direction LF, 


parallel to the Back of the Wedge 4B ; but prevented from 


fliding down towards C, by a Plane (whoſe upper Surface we 


may ſuppoſe repreſented by EF) lying under it. I fay, the 
Power will be to the Weight, when they are in Æquilibrio, as 


DA to DG, 


Den. 
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3. Tuosr, who imagine there will net be 
an Æquilibrium, unleſs the Power be to the 
Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 
recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ar- 
gument: viz. that, when the Wedge is driven 
into the Situation MNO (Fg. 34.) as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 
the whole Weight has therefore moved through 


Dem. The Body L is here acted upon in three Directions, 
wiz. by the Force of the Weight in the Direction LF, by 
the two Planes CA and EF, in the Directions LG and LI, 
erpendicular to their Surfaces ; let GE be drawn parallel to 
1, then will the Triangle LGE have all it Sides reſpec- 
tively parallel to thoſe Directions; conſequently (Chap. 9. F. 14} 
if we ſuppoſe LE to expreſs the Force of the Weight, GE will 
expreſs that of the ſuppoſed Plane, or which is the equal to it, 
becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being ex Conſtruct. reſpectively 
perpendicular to thoſe in the other; v. g. LG to C4, EL to 
Doe, and GE to DA); conſequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. 2, E. DP). 
Corol. Suppoſe the Body L had been drawn againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction towards 
G, as in the firſt Caſe; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that with 
which it reſiſts the Power; but GE is to GL as DA to AC, 
the Triangles EGL and DAC being ſimilar ; conſequently in 
this Caſe, the Power will be to the Weight, as half the Breadth 
of the Back of the Wedge to one of its Sides; as was before 
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Chap. X. The Wedge. 71 
twice ſo much, or a Space equal to the whole 
Back: as much as to ſay, the Whole has mo- 
ved farther than its Parts; which is abſurd. 
XX. To determine the Power of this Ma- 
chine in general, let ABC, in Fig. 34. repre- 
ſent an iſoſceles Wedge, whoſe Sides are AC 
and BC, and its Back AB; draw the Line CD 
perpendicular to AB; and let R, R, repreſent 
| two equal Bodies to be ſeparated by the Wedge, 
and ſuppoſe them confined by Planes put un- 
der them, or otherwiſe, to move in the Direc- 
tions MT and Z only, that are equally inclined 
to the Sides AC and BC reſpectively: and let 
the Wedge be driven in the Direction DC. Let n 
be the Point where the Body R touches the 
Wedge, and through * any Point in the Line 
m draw the Line vn parallel to DC, and pa- 
rallel to mT draw DX meeting CB (produced if 
neceſſary) in X; then the Triangles nnr and 
CDX will be ſimilar, the Sides of the one 
being reſpectively parallel to thoſe of the other. 
And becauſe the Bodies to be ſeparated are 
equal, and the Wedge iſoſceles, the Lines m 
and 5Z equally inclined to the Sides CB and 
CA, and the Wedge driven in the Direction 
DC, the Bodies will be both moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to n, each of 
the Bodies will be driven in the Directions T 
and Z over a Space equal to mn: if rn there- 
fore be taken to meaſure the Velocity of the 
F 7 
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Wedge, mn will meaſure that of both the Bo- 


dies; for as to their moving different ways, that 
makes no Difference, becauſe they are as free 
to move one way as another. Since then the 


Triangles nr and DC are ſimilar, and there- 


fore the Proportion of 77 to mn the ſame as 


that of DC to DX, the Velocity of the Wedge 


will be to the Velocity with which the Bodies 


R, R, are driven by it, as DC to DX; and 
conſequently, whatever Forces, acting in the Di- 
rections TM Zs, oppoſe the Motion of the 


Wedge, a Force of the ſame Kind, acting upon 
the Back of the Wedge at D in the Direction 


DC, and puſhing it forwards, will be in Æqui-— 


librio therewith, when it bears ſuch Propor- 


tion to them, as DX does to DC: And there- 


fore, if DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 
DX will always be the Meaſure of the Power 
requiſite to make an Aquilibrium therewith. 
From this general Theorem the particular 
Caſcs that fall under it are readily deduced. 
Thus, if the Bodies R, R, are confined to move 


upwards in Directions parallel to the Sides of 


the Wedge, MT will lie parallel to CB; and 


therefore DX the Meaſure of the Power ne- 
ceflary to make an Xquilibrium, being to be 


drawn parallel to T, muſt be drawn parallel 
alſa to CB; it will therefore meet CB produced 


at no leſs than an infinite Diſtance, and will 
conſequently itſelf be infinite: that is to ſay, 
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no finite Power will be able to drive the 
Wedge any farther between the Bodies thus 
confined. If the Bodies are confined to an hori- 
zontal Motion, T becomes parallel to AB the 
Back of the Wedge, and DX (parallel to mT) 
falls upon DB, and DB half the Pack of the 
Wedge is the Meaſure of the Power requiſite 
to conſtitute the Æquilibrium. If the Bodies 


are confined to move off at right Angles to the 


Sides of the Wedge, DX falls upon DG, and 
DG meaſures the Power; conſequently, DG 
being ſhorter than any other Line that can be 
drawn from D to the Line CB, the Power in 
this Caſe neceſſary to make an Aquilibrium 
with the Reſiſtance of the Bodies, is what the 
Mathematicians call a Minimum ; that is, it is 
leſs in this than 4n any other Suppoſition what- 


ever. And if the Bodies are to be moved per- 


pendicularly downwards, X falls upon C, and 
DC becomes the Meaſure of the Power: but 
DC is all along ſuppoſed to meaſure the Reſi- 


ſtance of the Bodies to be moved by the Wedge; 


the Power therefore and the Reſiſtance are now 


equal to each other ; which implies that the 
Bodies in theſe Circumſtances are capable of 
being moved either with or without the 
Wedge with equal Eaſe. If the Bodies are 


confined to move downwards in Directions pa- 


rallel to the Sides of the Wedge, DX becomes 


parallel to BC, the Point X falls upon it infi- 
nitely below C, and therefore DX, and conſe- 
quently 
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quently the Power to be meaſured by it, be- 


comes infinite again; that is, the Bodies cannot 


be driven by the Wedge in thoſe Directions 


by any Power whatever. When the Bodies 
R, R, are not confined, but are at Liberty to 
move in any Direction whatever, they will 

naturally take that in which they may be driven 


by the Wedge with the greateſt Eaſe; that is, 
they will take that which is perpendicular to its. 


Sides; and therefore the Perpendicular DG, 
which was the Meaſure of the Power necellh. 
ry to make the Equilibrium, when the Bodies 
were confined to move in that Direction, and 
was the Minimum, will be the Meaſure of it 


alſo in this Suppoſition. 


XXI. The conſidering the Bodies to be ſe- 


parated by the Wedge as confined to move from 


each other in particular Directions, leads us to 


an eaſy Solution of a Caſe relating to one of the 


Uſes of this mechanical Power, I mean the Di- 
viding of Bodies therewith. To determine the 
Power of it in this, let us conceive the two 
Pieces LQ and LQ as turning upon a Joint at 
L, which Joint 1s to be opened by the Wedge 


Ac, driven in between the Pieces, and preſ- 


ſing againſt them only at their Extremities G 
and H, as repreſented in Fig. 36. And let us 
ſuppoſe that there is a certain Degree of Stiffneſs 


in the Joint, by which Stiffneſs may aptly be 
denoted the Tenacity or Coheſion of the Parts 


of the Fn to be divided, Let the Lines ws 
an 


Chap. K. The WW, edge. | 7 5 
and HI be drawn perpendicular to the Lines 
LG and LH, which will therefore be the Di- 
rections, which thoſe Extremities will be con- 
fined to, when they begin to move: parallel to 
one of theſe, as GF, draw DX; then ſince, 
as we have juſt been ſhewing, if two Bodies, 
confined to move in the Directions GF and HI 
only, were to be ſeparated by the Wedge, the 
Power neceſſary to make an /Equilibrium with 
the Reſiſtance of thoſe Bodies would be to that 
Reſiſtance as DX to DC; or that, if DC be 
taken to meaſure the Reſiſtance they make, 
DX ſhall meaſure the Power that ſhall cauſe an 
Aquilibrium between them, it follows, that, in 
this Caſe, if we meaſure the Force, which, if 
applied at & and H in the Directions GF and 
HI, would overcome the Tenacity at L, and 
rend the Pieces aſunder without a Wedge, 
DX will be the Meaſure of the Force, which 
would, with equal eaſe, perform the ſame 
thing by the Help of the Wedge. And when the 
Point comes infinitely near to L, and DX, pa- 
frallel to GF, becomes 3 perpendicular 
to CB, and conſequently the Triangles DCX 
and DCB become ſimilar (8, Elem. 6.) the 
Power neceſſary to rend the Pieces with the 
Wedge will be to that which would do the 
fame without it, as DX to DC; that is, be- 
cauſe of the Similarity of the ſaid Triangles, 
as DB to BC, or as half the Back of the Wedge 
to one of its sige. 


A But, 
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But, if we l e no Regard to the Stiffneſs 


; of the Joint L, and conſider only the Quantity 


of Matter in the Power that drives the Wedge; 


and in the Bodies LQ and LQ to be turned upon 
that Joint, neceſſary to make an Æquilibrium 
between them, as is the uſual Method in The- 
ory, and obſerved in all the other mechanical 
Powers, and the Thickneſs of the Pieces be the 
ſame from End to End, and their Subſtance 


uniform, ſo that their Centers of Gravity may 
be in the Mid-way between L and G, or L and 


H, or any where in the Arches bc and de, 
whoſe Centers are at L, and which cut the Lines 


LG and LH in the Middle, the Equilibrium 


will be, when the Quantity of Matter in the 
Power is to the Quantity in the Bodies LQ and 
LQ, as half DX to DC, and when the Point 


of the Wedge comes infinitely near to L, and 
Dx becomes perpendicular to BC, and the 


Triangles DCX and DCB ſimilar (as above) as 
half DB to BC, or as a Quarter of the Back of 


the Wedge to one of its Sides: Becauſe, as is 


evident, in this Suppoſition the Centers of Gra- 
vity of the Pieces will have but half the Velo- 
city they would have had, had all Parts of them 
been to be moved as faſt as the Extremities G 


and H; half the Power therefore will be ſuffi- 
cient to move them that would have been re- 


quired in that Caſe; but in that the Quantity of 
Matter in the Power muſt have been to the 


* in the ane Bodies, as DX to DC, 


þ and 
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and, when C comes infinitely, near to L, as DB 
to BC; it is therefore, in the preſent Suppoſi- 
tion, in the former of theſe Caſes, as half DX 
to DC; and in the latter, aas half DB to BC, or 
as a fourth Part of the Back of the Wedge to 
one of its Sides. 

Or this Pr alition may be tookdered, inano- 
N Light, t + far „The Centers of Gravity of 
the two Pieces LQ and LQ being in the Ar- 
ches c and de, that cut LG and LH in the 
Middle, they are carried upon the Levers LG 
and LH in the Mid-way between their common 
Fulcrum L and their Extremities G and H ; the. 
Wedge therefore has not only a mechanical 


HE Advantage over them, in Conſequence of its 


own Form, in the Proportion of DX to DC, 
but in Conſequence alſo of their being carried 
upon the ſaid Levers,” in the Proportion of two 
to one; the Wedge therefqre has twice the 
Power over them it -avonld otherwiſe have; and 
conſequently. half the Quantity, of Matter in the 
Power that drives the Wedge is ſufficient to 
conſtitute an /Fquilibrium that is requilite where 
no ſuch Levers are concerned. 

XXII. Tux Form of the Tntlined Plane being 
no other than that of half a Wedge, as is ma- 
nifeſt from the Repreſentation of it (Fig. 37.) 
it follows, that what has been demonſtrated 
of the one, may be applied to the other, and 
the Properties of both will be found the ſame. 
For laune if the Weight W iis to be drawn 


4 * 
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up the Plane CB, by the Power P, in a Di- 
rection parallel to the Plane, inſtead of that, 
we may ſuppoſe the Weight prevented from 
running off the Plane by the String WH, and 
the inclined Plane driven under it like a Wedge 
in the Direction DC: then will the Weight 
rife towards G in a Direction perpendicular 
to CB, for we muſt always ſuppoſe the String 
WZ parallel to the Plane (as it would have 
been, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be ſimilar to that of the Wedge 
in the firſt Caſe, and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
DB to BC; that is, as the Height of the Plane 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by a 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
Cb, that is, parallel to DB: then the Cafe will 
be analagous to the ſecond of the Wedge; 
conſequently, the Power will be to the Re- 
fiſtance of the Weight, when there is an R-. 
quilibtium, in the Proportion of DB to DC, 
48 there demonſ traten. 
XXIII. THesE are the Powers or Machines, 
which, under different Forms, conſtitute all 
other how complicated ſoever; and as the 
AÆquilibrium, in any one of theſe, is, when the 
— CEE Power 
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Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 
Proportion; for by F. 7. their Moments will 
then be equal, and the Machine, if at Reſt, 
will continue in that State; and, if put into 
Motion by. an external Force will gradually 
loſe it, when that Force ceaſes to act; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuum. 
From hence we fee the Impoſfibility of con- 
triving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 
be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, which was at 

firſt given to the Machine, muſt at length be 
neceſſarily loſt, But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
done Body communicates its Motion to another, 
and not defigned to produce a Force which 
had no Exiſtence before, Tis for Want . a 
ue 
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due Conſideration of this, that ſo many Me- 
chanical Deſigns have proved abortive, ſo many 
Engines unequal to the Performance for which 


they were deſigned, and ſo * * 
lities attempted. 


« Ir. it were poſlible, ſays Bp. WILEkINs, 


< to contrive ſuch an Invention, whereby 


<* any conceivable Weight may be moved by 
ce any conceivable Power, both with equal 
« Velocity (as it is in thoſe Things which are 
immediately ſtirred by the Hand, without 
the Help of any other Inſtrument) the 
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ſubjected to the Power of Art; and Men 
might be thereby encouraged (with the 
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a created Being. And therefore the Wiſdom 
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Strength of its Motion, 1s abated in the Slow- 
<« refs of it; and what it has, in the extraordi- 
© nary Ru:ckneſs of its Motion, muſt be al- 
© lowed for in the great Strength . in 
the Power which is to move it “.“ 


A 


* Fillinss Mathers. Magick. p. 104. 


De End of the Firſt Part. 
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Works of Nature would be then too much 
Builders of Babel, or the Rebel Giants) to 
ſuch bold Deſigns, as would not become 


of Providence has ſo confined theſe Human 
Arts, that what an Invention hath, in the 
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vow: 


Ter 8 aA Þ4 
Of the Vibration of a Pendulum in a 
ä 


PrxorostTion I. 


F a Pendulum be made to vibrate in a 
Cycloid, all its Vibrations however une- 
qual, will be zſocronous; that is, they will be 
performed in equal Times (a). 5 
(a) In order to demonſtrate this Propoſition, it will be pro- 
per to lay down the following Lemma's. 
L EMMA TI: 1 
If a Body deſcends from A along the Line AX, (Appendix 
Plate, Fig. 1.) by virtue of a Force which decreaſes in Proportion 
as the Diſtance of the Body from X, decreaſes ; that is, if when 


the Body comes to M, N, O, &c; the Action of that Force 
upon the Body, be as the Diſtances XM, XN, XO, c. reſ- 
pectively: And if the laſt acquired Velocity of the Body; that 


15, its Velocity when i tcomes to X, be expreſſed, or ſet off, by * 4 
the Perpendicular XB equal in Length to the Line AX, and its a; 
Velocities at M, N, O, Cc. be ſet off there by the Lines MD, : 
NP, OQ, Cc. in Length proportionable to each other and to \ Þ 
the Line XB, as the Velocities of the falling Body at M, N, O, | 


Sc. are to each other and to its laſt Velocity at X: And if 
through the Extremities of theſe Lines, the Curve ADB be 
drawn; I fay, that Curve will be a Portion of a Circle: And 
the Time in which the Bedy will deſcend through the whole 
Space or Line AX [or any Part of it, as MO] will be ſuch Time, 
as would be requiſite for it to deſcribe the whole Arch AB [ar 


A any 


2 ” 
"= 
ac 
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any Part as DQ, correſponding to MO] in, with its laſt acqui- 

red Velocity at &. | 
Demonſiration of the Lemma. Parallel and contiguous to the 

Line MD, draw NP, in which Caſe the Line MN, becomes a 


Point, and the Arch DP a Tangent to the Curve: Produce PD 


till it meets XA produced, in T; draw the Line XD; and let 
fall the Perpendicular DL. Then the Lines DL and TM being 


paralle], the Angles PDL and DTM are equal, as being alter- 


nate (by 27 Elem. I.); and the Angles at L and M, as being 
right ones; the Triangles therefore PDL and DTM are ſimilar, 
which for the Sake of referring to it afterwards, let us make the 
firſt Step of the following Proceſs | 1] The Triangles PDL and 
DTM are ſimilar 


From the firſt Step we have this 
Proportion (5 Elem. 6.) 2 PL: LD: : DM: MT. 
By the Figure Eb 1 $}LD = MN - NE 
But M being the Velocity when| | TN | 
the deſcending Body comes to 
M, the Point MN is deſcribed 
with that Velocity ; for there 
is no Acceleration during the 
Paſſage of a Body over a Point; 
conſequently MN is proportion-| TE 
able to MD: that is, 4] MN is as MD, 
Comparing the ſecond, third and | | „ Few. 
fourth Steps _ | 5|[PL:MD:: DM: MT 
But MD and NP being the Velo- . 
cities of the deſcending Body at 
M and N, LP the Difference of 
thoſe Lines, expreſſing the In- 
| creaſe of Velocity in the Body, 
will be proportionable to the 
moving Force at the Point MN; 
that is, by the Suppoſition, to | 3 
the Diſtance XM ; therefore | 6| PL is as XM 
Comparing the fifth and ſixth 
Conſequently (5. Elem. 6.) 


| 8] The Triangles XMD and 
DMT are fimilar. 


And therefore, ſince their Angles at M are right ones, the 


1 riangle TDX is (by the Converſe of Prop. 8. Elem. 6.) right 


angled at D. Conſequently ſince the ſame is true of any other 
Point of the Curve, as well as D, the Arch ADB is a Portion 
of a Circle (16 Elem. 3.). Which is the firſt Part. 
9 TE Secondly, 


7 XM: M:: DM: MT 


3 
* 
| 
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Secondly, comparing the firſt and | | 
eighthSteps, ” Triangles PDL : | 
and XMD are ſimilar ; therefore | 9] LD : DM : : DP : DX 

ADB being a Portion of a Circle, 


as already proved 10 DX XB 
Comparing the 3d, gth and 1oth| | 3 
Steps I MN: DM:: DP: XB. 


Since then the Point MN bears the ſame Proportion to MD, 
or the Velocity it is deſcribed with by the falling Body, that 
the Point DP does to the laſt acquired Velocity XB, it follows 

that the former, MN, is deſcribed in the ſame Time with the 
Velocity the Body has when there, that the latter, DP, might 

be with the laſt acquired Velocity XB. And ſince the ſame is 

true of every other Part of the Arch ADB, it is obvious that 

the Time in which the Body will deſcend through any other 

Part of the Space AX, [or the whole of it,] will be ſuch as 

would be required for it to deſcribe any correſponding Part of 

the Arch ADB, [or the whole of it,] with the laſt acquired 

Velocity XB. Which was the other Part. 

Coroll. Hence it follows, that if a Body deſcends along the 
Line AX, by Virtue of Forces acting upon it at A, M, N, O, 
Ec. proportionably to the Length of the Lines XA, XM, XN, 
XO, Cc. and if on X as a Center, and with the Radius XA a 

Portion of a Circle, as ADB, be deſcribed; and if the Radius 
or whole Sine XB, be put to repreſent the Velocity of the Body 
when it comes to X, the other Sines MD, NP, OQ, G. will 

repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, Sc. And converſely, if one of the Sines, 
as MD, be put to expreſs its Velocity at M, the other Sines 
NP, OQ, and the Radius or whole Sine XB, will expreſs the 
Velocity of the Body at thoſe other Points N, O and X. _ 


LEMMA II. 


If a Body moves along the Line AX, (Fig. 2.) and be urged 
all the Way by Forces proportionable to its Diſtance from the 
Point X ; whatever Point of that Line it ſets out from, it will 

come to the Point X in the ſame Time. Which Time will bear 
ſuch Proportion to the Time it would move over the whole Line 

A in, with the Velocity it ſhall acquire by falling through the 
whole Line AX, as the Semicircumference of a Circle does to its 

Diameter. | ; 8 


Ag: 8 | 
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Dem. Let two Bodies A and P ſet out from the Points A and P 


at the ſame Time; and let them be urged by Forces proportion- 
able to their Diſtances from the Point X: I ſay, thoſe Bodies 
will come to X at the ſame Inſtance of Time; that is, they will 
overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP deſcribe the two Quadrants AB 
and PQ; and draw the Line SX, and the Sines RS and MN; 

and let the whole Sine or Radius XB expreſs the Velocity the 
Body A will acquire by falling to X: Then by Corollary of 
Lemma 1. will the Sine RS, if taken as near as poſſible to A, 


expreſs the firſt Velocity of the Body A. But the Force, which 


urges the Body A is ſuppoſed to be to that which urges the Body 
P, as XA to XP (or becauſe the Archs AS and PN are ſimilar) 
as RS to MN: As therefore RS expreſſes the firſt Velocity of A, 

MN will expreſs the firſt Velocity of the other Body P: And 
therefore by the ſame Corollary, its Velocity when it comes to X, 

will be expreſſible by X . Farther, the Time the Bo 
to X in, is by Lemma 1. equal to the Time the Arch AB would 


be deſcribed in with the Velocity XB; and the Time the other 
Body falls from P to X in, is equal to the Time the Arch PQ_ 
would be deſcribed in, with the Velocity XQ. But a Body will 


be as long in moving over the Arch PQ with the Velocity XQ, 
as over the Arch AB with the Velocity XB, the Lines XQ and 
XB having the ſame Proportion to each other, that the Archs 
have. Therefore the Time the Body A falls to X in, is equal 
to the Time the other Body P would fall to that Place in. 
Which was the firſt Part. 
Again by Lemma 1. | 1] The Time a Body would fall from 
| A to X in, is equal to the Time 
it would move over the Arch AB 
in, with its laſt acquired Velo- 
Axiom, or ſelf evident ; City at X. 
Fropolition Cs | 2| The Time a Body would move 
| :.Þ .-| Over the Arch AB in with the 
| laſt acquired Velocity at X, is 
to the Time it would move over 
AX in with the fame Velocity, 
as AB 1s to AX. 


Comparing the lick 8 
The Time a Body would fall from 


ſecond 


VI 


| the laſt acquired Velocity, as 
Ab is to AX, 


A to X in, is to the Time it 
would move over AX in with 


Axiom 


A falls 


/ 


3 


And 


Com 


| Com! 
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Axiom 4] AB is to AX as twice AB is ta 
ye MEAL: 14 
By the Figure 5| Twice AB is to twice AX as the 
N Semicircumference of a Circle is 
Comparing the 3d, 4th to its Diameter. 
and fifth Steps. 6 The Time a Body would fall from 


A to X in, is to the Time it 
would move over AX in with 
its laſt acquired Velocity, as the 
Semicircumference of a Circle 
is to its Diameter. Which was 

I the ſecond Part. 


LEM MA III. 
If from the lowermoſt Point of a Circle, as X (Fig. 3.) be 
drawn the Chords XQ and XO, the Power of Gravity whereby 
it ſhall cauſe a Body to deſcend along the former, will be to the 
Power whereby it ſhall cauſe it to deſcend along the latter, as 
the Length of the former is to the Length of the latter. 
Dem. Draw the Diameter XD, the Perpendiculars QR and 
OS; and join the Points OD and OD. Then (by 31 Elem, 3.) 
the Triangle XQD is right-angled at Q; and therefore (by 8. 
Elem. 6.) | | 1 FR: AQ::XQ: 4D. 
And for like Reaſoris 2| XS: XO: : XO: XD 
But by Part I. Chap 6. 2.| 3| The Effect or Power of Gravity 
- upon a Body deſcending along 
the Chord Q, is to that which 
7 it exerts upon another fallin 
freely; that is, fo its whole Pow- 
er, Rt RQ. 
0 IS The Power of Gravity upon a Bo- 
4 dy deſcending along the Chord 
OX, us to its whole Power, as 
| | XS. to XO. Po | DET 
Comparing the 1ſt and 3d | 5| The Power of Gravity upon a Bo- 
. dy deſcending along the Chord 


QM is to its whole Power, as | 

Ry" i; | N Em”: or 

Comparing the 2d and 4th | 6| The Power of Gravity upon a Bo- 5 2 
„„ 0 dy deſcending along the Chord : 

OX is to its whole Power, as BY 

| XO to XD. * 

| Comparing 
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Comparing the 5th and | N 
6th Steps 7 The Power of Gravity upon a Bo- 
dy deſcending along the Chord 

QX, is to the Power of Gravi- 


of 


the Chord OX, as XQ to XO. 
Q. E. D. 


The Deſcription of a Cycloid, with the ans relating 


thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circumfe- 
rence, which at firſt touched the Line at A, will deſcribe the 
Curve Line ACX B. which Curve is called a Cycloid. The right 
Line AB is its Baſe: The middle Point X is its Vertex: And a 


Perpendicular, as XD, let fall from thence to the Baſe, is its | 
Axis: And the Circle FCH, or any other as XG, equal there- 


to, is called the Generating Circle. 
LEMMA IV. 


If on XD, the Axis of. the Cycloid, as a Diameter, the ge 


nerating Circle XGD be deſcribed ; and if from a Point in the 
Cycloid, as C, the Line CIK be drawn Parallel to the Baſe, 
the Portion of it CG, will be equal to the Arch GX. | 


Dem. Draw the Diameter HF, then the Circles FCH and 


DGX being equal VVV 8 
Adding GI to each of them 2 KI = CG 
By the Figure RED 3 KI = DF 
Comparing the two laſt 1 4{CG = DF. 
By the Deſcription of the Cycloid | 5| The Arch CF = AF 
By the Figure I 6 The Arch CF = DG 
Comparing the 5th and 6th m1 AF = DG: -. 
By the Deſcription of the Cycloid | 8] AFD —= DGX 
Comparing the 7th and 8th with | | | 
the Figure 9 FD = GX 


Comparing the 4th and the gth fie CG = GX. Q. E. D. 


- LEMMA v. 5 

The ſame Things being ſuppoſed as in the foregoing Lemma, 
a Tangent to the Cycloid at the Point C, is parallel to GX a 
Chord of the Circle DGX. . 5 1 


Dem. It appears from the Deſcription of the Cycloid, had 
ſince the Angle FCH is a right one, (as it is by 31 Elem. 3.) 
the Chord CH is a Tangent to the Curve at the Point C, but 
| CH 


U 


* 
* «4 

= 1 

* 


ty upon a Body deſcending along 


* 
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| CH is parallel to GX ; a Tangent therefore at the Point C, 


parallel to GX, the Chord of the Circle DGX. Q. E. D. 


Things remaining as before, if from a Point of the Cycloid, 


as L, the Line LMK be drawn parallel to the Baſe AB, the 
Arch XL of the Cycloid, will be double of XM the Chord of 


the Circle correſponding thereto. 
Den. Draw the Line SQ parallel and contiguous to LK, croſ- 
{ſing the Circle in R, and the Chord XM produced, in P, then 
will LS, MR and MP become Points, the firſt having the Pro- 
prey of a Tangent to the Cycloid at LS, the ſecond that of a 
angent to the Circle at MR, and the third, the Properties of a 


Production of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alſo the Point 
RM, till it meets XN, a Tangent to the Circle at X. Then 
will the Lines XN and QS, being each perpendicular to the Dia- 

meter DX, be parallel; and the Triangles MNX and MPR will 


be ſimilar ; as having their Angles at M vertical, and at P and 


X alternate. But the Tangents NX and NM are equal (by 36. 


Elem. 3.) the correſponding Lines therefore PR and RM in the 
other Triangle, are ſo too: This laſt Triangle is therefore an 


Iſoſceles one; and therefore RO being perpendicular to its Baſe 


MP, MP is equal to twice MO. The Tangent LS is parallel 
to MP, (as being by Lemma 5. parallel to MX) and therefore 


cqual to it, the Lines LK and SQ being parallel: It is therefore 


equal alſo to twice MO. But LS is the Difference between the 
cycloidal Archs XL and XS; and MO is the Difference between 


the Chords XM and XR, for ſince XO and XR are cloſe toge- 
ther, RO which is perpendicular to one of them, may be con- 


ſidered as perpendicular to both: The Difference therefore between 
any two Archs of the Cycloid is twice that which 1s between 
two correſponding Chords of the Circle ; and conſequently any 


Arch, as XL, is double of the correſponding Chord XM. 


Coroll. Since when the Arch XL becomes XB, the correſ- 
ponding Chord XM becomes XD the Diameter of the Circle 


DMX; its obvious, that the Semicycloid BX, or AX, is equal 


to twice DX the Diameter of the generating Circle DMX. 
LEMMA VII. 
If a Body deſcends in a Cycloid, the Force of Gravity (ſo far 


63 it acts upon it in cauſing it to deſcend along the Cycloid) _ 


— ” — P's 7 LE 
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The Time in which a Pendulum vibrating 


in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the loweſt 
Point of the Cycloid. . ENS: 
Dem. Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is AB, 
and 1ts Axis DX, on which laſt as a Dor, deſcribe the ge- 
nerating Circle DQX : Draw the Chords OX and QX ; through 
the Points O and Q, and parallel to the Axis AB, draw the 
Lines LS and MR ; draw alſo the Tangents LV and MY. Then 


- becauſe by Lemma 5. the Tangent LV is parallel to OX, and 


the Tangent MY parallel to QX, its obvious that Gravity exerts 


the ſame Power or Force upon a Body deſcending in the Cyeloid 
at L (becauſe it then deſcends in the Tangent LV) as it would 
do upon the ſame Body deſcending along the Chord OX : And 
for the like Reaſon, it exerts the ſame Force upon it when it 
comes to M, that it would do if it were deſcending along Q: 


But (by Lemma 3.) the Power or Force of Gravity upon Bodies 


deſcending along the Chords OX and Q, are as the Lengths of 
| thoſe Chords; that is, by Lemma 6. (halves being proportion- 


able to their wholes) as the Length of the Cycloidal Archs LX 
and MX. The Force therefore of Gravity upon a Body deſ- 
cending in the Cycloid at the Point L for any other] is to its 
Force upon the ſame when at M [or any other Point] as the Space 
or Diſtance it has to move over in the former Caſe, before it gets 
to the loweſt Point X, to that it has to run over in the latter, 


before it arrives at the ſame Point. Q. E. D. 


Demonſtration of the Propoſition in the Text to evhich this + 
5 Fe 55 Note refer. i 
By Lemma 7. The Force of Gravity ſo far as it cauſes a Body 


to deſcend in a Cycloid is proportionable to the Diſtance of that 


Body from the loweſt Point ; imagine then that Body to be a 
Pendulum vibrating in the Cycloid, then whatever Point it ſets 
out from, it will by Lemma 2. come to the loweſt Point in the 
ſame Time: And conſequently ſince the like is true as to its aſ- 


| cending from that Point, all its Vibrations be they large or 


ſmall, will be perform'd in the ſame Time. Q. E. D. 
e Time 


„ © 5 3 


4 


APPENDIX to Part IJ. 9 
Time in which a Body would fall freely thro- 


half the Length of the Pendulum, as the Cir- 


cumference of a Circle is to its Diameter (6). 
( To demonſtrate this, the following Lemma's will be of 
LEM MA VIII. 


II in a right-angled Triangle, as BFG (Fig. 6.) the Perpen- 
dicular FI be let fall from the right Angle to the Hypothenuſe 


BG, the Line BI multiplied by BG will be equal to BFg. 


Dem. By 8. Elem. 3. the Triangle BFI and BFG are fimilar, 
conſequently BI is to BF, as BF is to BG, and therefore BI x 
BG = BF, . E. D.,. | | . N 

„ EMMA; IK. 


If a Body deſcends along a curve Line, as AX (Fig. 9.) it... 
will acquire the ſame Velocity that another, or the ſame Body, 


would do, by falling from an equal perpendicular Height in the 


Line DX. ; ; 8 
Dem. Parallel to the horizontal Line AD, draw the Lines BM 


and FN contiguous to each other; in conſequence of which, 


the Lines MN and BG are capable of being conſidered as Points; 


and therefore the Velocity the deſcending Bodies paſs over them 
with, as uniform ; and the curve Line BG, as a ftraight Line 
alſo, and as a Tangent to the Curve AX at the Point BG. 


Things being thus, let it be ſuppoſed that the Bodies begin their 


Fall at B and M, or, which comes to the ſame Thing, that they 


have equal Velocities at thoſe Points : 'Then the Velocities of 
\ the Bodies being uniform and equal to each other, (for there is 


no Acceleration in a Point) the Lines BG and MN may repre- 
ſent the Relation the Times they are paſſed over in bear to each 
other. Parallel to DX draw BF, and let the equal Lines BF 
and MN repreſent the Force of Gravity acting perpendicularly 


at thoſe Points; and let the Force BF be reſolved into two others, 
viz. BI and IF, the one parallel, the other perpendicular to the 


Curve of the Body at B: It is only the former of theſe, viz. 
BI, that accelerates the Body along the Curve BG ; the other, 


viz, IF, neither accelerates it nor retards it, but is wholly ſpent 


in preſſing the Body cloſe to the Surface BG, if it be a Surface; 


or in ſtretching the String which keeps the Body in the Courſe 


AX, if it be a String, Now the Velocity a Body acquires by 


moving over any Space, is proportionable to the Force that acts 


upon 
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- a _ a ”% ax "Wi. 3 
IE > IL l . 4 > 
4 * * Dn . 
| I 1 — _ a. I I , — — 
i = 4 . — r » .Y 
4 


2 dl. ot 
= _— — 


xo APP EN PDIxX to Part I. 


upon it, multiplied by the Time that Force acts. Since then 
BI repreſents the Force in one Caſe, and MN the Time in the 
other, it follows that the Velocity generated in one Caſe, is as 
BI X BG; and in the other, as MN x MN; or ſince BF and 


MN are equal, as the Quantities BI X BG and BF X BF, (or 


BFA) which Quantities by Lemma 8. are equal to each other. 
The Velocity therefore the one Body acquires by deſcending along 
BG, is equal to that which the other acquires by falling through 


MN: But the Lines BM and GN being parallel, it is obvious 
there is the ſame Number of BG's in the Curve AX, as of MN's 
in the perpendicular DX; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which it 


would acquire in falling through the other. Q. E. D. 
Demonſtration of the Propofition. Let AXB (Fig. 5.) be the 
Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 
pared with Lemma 7, we have e ng 
> | 1] The Time a Body would deſcend 
| | from A to X in, is to the Time 
in with its laſt acquired Velocity, 


7 „5555 as the Semicircumference of a Cir- 
By the Corol. of Lem- | { cle is to its Diameter. 
| | { 


m :.-: 2] AX is equal to twice DX. | 
By Lemma g. 3] The Velocity a Body acquires by fal- 
Ea EO 5.0 ling from A to X, is equal to the 

| I Velocity it would acquire by fal- 
From the three laſt | ling from D to X. IS 
compared 4| The Time a Body would deſcend 


from A to X in, is to the Time it 
| would move over twice DX in, 
j | with the Velocity acquired by a 
{ | Fall from D to X, as the Semi- 
| | circumference of a Circle is to its 


By Part T. Chap. „ 


Diameter. | 


57. 5 The Time a Body would move over 
twice DX in, with the Velocity 
II acquired by falling from D to Xx, 
e 5.2 is equal to the Time it would fall 
Comparing the 4th and] from D to X in. 
e 6] The Time a Body would deſcend 


from A to X in, is to the Time it 
5 would fall from D to X in, as the 
Semicircumference of a Circle is 
| | to its Diameter. 8 

Cm From 


ö 


it would move over the ſame Space 


ok 1 
From the Solution of 


Arp EN DIx to Part I. II 


PR 9 . E M 
To make a Pendulum vibrate in a given 
Cycloid. 
- Solut, Let AXB (Fig. 5.) be the given Cy- 
cloid; its Baſe AB, its Axis DX, and its ge- 
nerating Circle D, as before: Produce xD 


to C, till DC be equal to DX: Through C 


draw the Line EF parallel to AB, and take 


CE and CPF, each 1 75 to AD or DB; and 


on the Line CE as a Baſe, and with the gene- 


rating Circle AGE equal to DQX, deſcribe the 
Semicycloid CTA, whoſe Vertex will there- 
fore touch the Baſe of the given Cycloid in A. 


Prom the Figure | 7| The Time of Deſcent from A to Xx 
EY ens is half a Vibration, 3 


the following Pro- | 
blem it will appear, 1 . 
that 8 DX is half the Length of a Pendu- 


„ | Jum, which in vibrating ſhall de- 
Comparing the three] | ſcribe the Cycloid AXB. 
laſt Steps 9] The Time of half a Vibration is to 


the Time in which a Body would 
I | fall freely through half the Length 
of the Pendulum, as the Semicir- 

cumference of a Circle 1s to its 


Doubling the Antece- | Diameter. | 
dents of the laſt Step 100 The Time of an whole Vibration is 


to the Time in which a Body 
| | would fall freely through half the 

Length of the Pendulum, as the 
Circumference of a Circle is to its 


E Diameter. Q. E. 5) 
R And 


I2 


APPENDIX to Part I. 
And on the Line CF alſo as a Baſe, deſcribe 


an equal Semicycloid CB. On the Point C, 
hang the Pendulum CTP equal in Length to 
the Line CX: And let the upper Part of the 


String of it, (as CT, in its preſent Situation in 


the Figure) as it vibrates this way and that, 
apply itſelf to the cycloidal Cheeks CA and CB: 
Then will the Ball of it P oſcillate i in the gi- 


ven Cycloid AXB. E. F. (c). 


c) Draw TG and PH, each 


parallel to the Baſe AB; and 


F 


join the Points AG and DH. Then by the SAE of Lem- 


ma 6. 
By the Figure (DC being equal. 
to DX). 
Comparing the 1ſt and 20 Steps 
By Conſtruction 
Comparing the 3d and 4th 
From the 5th Step compared with 
e - 
(The String touching the Cy cloid 
at T) by Lemma 5. 
By Conſtruction 
From the two laſt Steps compared, 
GATK is a Parallelogram, 
conſequently 
By Lemma 6. 
Comparing the two laſt Steps 
Comparing the 6th and 11th 
From the 12th Step compared 
with the Figure 


2 


| 


Comparing the laſt Step with the 


Figure 


From the laſt compared with the | 


Fi igure 


Comparing che Jai i with the Fi- 
gure 


+ J 


4 
1 


48 


15 


16 


I A0 = 2 AE 
202 AE = ox 
THACTE CE 5 
4] CTP = CX 
5 AC = CTP 
6] AT TP 
7|GA is parallel to TK 
GT is parallel to AR 
19 GA=TK, and GT=AK 
INGASSLTA 
EN == 7 TA 
12 TK == 3 2 TP | 
13] TK = KP 


The parallel Lines GT 
and PH are equally diſ- 
tant from AD 


The Arch GA = the 


Arch DH 
The Chords GA and DH 


I are parallel, and GE = 


HX, From 


OY OT” Te LE nes AT INRA 


K 


And therefore (KD being by Con- 
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n. n. 


Of the Center of Oſcillation and Per⸗ 


cuſſion. 


TH E Center of Oſcillation is that Point 
in a Pendulum, in which, if the Weight 
of the ſeveral Parts thereof were col- 
lected, each Vibration would be performed in 
the ſame Time, as when thoſe Wenn are 


ſeparate. 


The Point or Center, of Sul penſio on is the 


Point on which the Pendulum hangs. 
A ons al Rule\ for finding the Center of 


Oſcillation. 
If ſeveral Bodies be fixed to an :nflexible 


Rod ſuſpended upon a Point, and each Body 


From the 7th and 16th Steps com- | 
pared with the Fi igure 17 KP is W to DH. | 


ſtruction parallel alſo to PH) 
KDHP is a Parallelogram, ©: con- 


ſequently 18 KD = — PH 


By Lemma 4. | 19 GT = the Arch AG 
Comparing the gth and 19th 20] AK = the Arch AG 


By the Deſcription of the Semi- 


cycloid CTA 21] AKD = AGE 
From the two laſt ed „„ 
the Figure 22 KD = GE 


Comparing the 18th and 22d [23] PH = GE 
Comparing the 16th and 23d zA PH = HX. 


But by Lemma 4. if PH be equal to HX, P is a Point in the 


Cycloid AXB ; the Ball of the Pendulum CTP therefore being 
at that Point, is in the given Cycloid. The — therefore 


was rightly ſolved. Q. E. D. 


bas 


- "25 
_ 
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_ 
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be multiplied by the Square of its Diſtance 


from the point of Suſpenſion, and then each 
Body be multiplied by its Diſtance from the 


fame Point; and all the former Products when 
added together, be divided by all the latter 


Products added together, the Quotient which 


Hall ariſe from thence, will be the Diſtance of 


the Center of Oſeillation of thoſe Bodies from 
the ſaid Point. 

Thus, if CF Fig. 8. be a Rod on which 
are fixed the Bodies A, B, D, c. at, the ſe- 


veral Points A, B, D, Oc. and if the Body A 


be multiplied by the Square of the Diſtance 


CA, and B be multiplied by the Square of the 
Diſtance CB, and ſo on for the reſt: And then 


if the Body A be multiplied by the Diſtance 


CA, and B be multiplied by the Diſtance CB, 


and fo on for the reſt; and if the Sum of the 
Products ariſing in the former Caſe, be divided 


- by. the Sum of thoſe which ariſe in the latter, 


the Quotient will give CQ, the Diſtance of the 


Center of Oſcillation of the Bodies A, B, D, 


Sc, from the Point C (4 . 


0,174) Dees That the Proceſs may be leſs complicated, let us 
ſuppoſe but two Bodies, as A and F, fixed to the Rod CF; and 


let Al and FL be the Archs which the Bodies A and F deſcribe 
| when the Pendulum vibrates, and let the Pendulum be removed 


into the Situation CL. Contiguous to the Line CL draw CR; 


then 'may the Archs IP and LR be conſidered as Tangents at 


the Points I and L, and thoſe Tangents as inclined Planes, down 


which the Bodies I and L are to roll: Theſe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve- 


Joeities; but this they cannot do, becauſe being fixed to the in- 
flexible 


AS. — „ GGG * 
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flexible Rod, they will deſcribe the unequal Arch IP and LR in 


the ſame Time. That is, the Body L will oblige the Body 1 
to deſcribe a leſs Arch than it otherwiſe would have done ; and 
the Body I will occaſion the Body L to deſcribe a larger Arch 
than it would have done. And the Effects of the Forces by 
which they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 
In order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thoſe the Bodies would move over 
in the leaſt Time poſſible, had they been independent of each 
other. And let the Archs LR and IP be thoſe which the Bodies 
join'd to the Rod deſcribe in the ſame Time. For the Reaſon 


juſt mention'd, the former of theſe viz. LR, will be larger, 


and the latter, viz. IP, will be leſs than LM or IN ; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
LM or IN, becauſe the Center of Ofcillation deſcribes that 
Arch, which the Bodies would defcribe in the ſame Time, if 
they were both together, and neither of them an hindrance or 


_ furtherance to the other. Conſequently the Center of Oſcilla- 


tion is at V, where the Lines MN and PR croſs. 5 

Now the Motion which the Body I loſes by being retarded, 
is its Motion over the Arch PN; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN; and the Force or Moment 
of the laſt is the Product of the Body L multiplied by the Space 
MR. [Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the o:her. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Diſtances from the Center C, about which the Bodies 
J and L., when the Pendulum {wings, do revolve; have each 


their Mechanical Advantage; but the one a greater than the 
other: For inſtance, L has an Advantage which is as LC, its 


Diſtance from the Fulchrum C; and J only the Advantage IC. 


As then in determining the Effect of a Power applied to a Lever, 


we multiply it by its Diſtance from the Fulchrum ; ſo the above- 
mentioned Forces or Moments (viz. I multiplied by PN and L 


multiplied by MR) muſt be multiplied by their reſpective Diſ- 


tances from C; and then we have I multiplied by PN multiplied 
by IC, and L multiplied by MR multiplied by LC for the Et- 
fects, which, as things are circumſtantiated, thoſe Forces or Mo- 


ments have upon the Bodies I and L. But, as obſerved above, 


thoſe Effects are equal, conſequently we have for the firſt Step 
fr ETX PN 


16 AyryzNnvix to Part I. 


The Center of Percuſſion is that Point in a 
Pendulum, or in an inflexible Rod moving 


5 Gn il Xx PNXIC=LXMRXLC 
But the Triangles PNY | Bs my 

and MRY are fimilar, | | 461-4 1 

conſequently 2 PEN: MR:: PY: RV * 
Comparing the two laſt | 3] I XxPY X IC==LX RY XLC 
Or taking the Pendulum] IR 

in the Situation CPR, 

in which I coincides 

with P, and L with R, | 5 
we have 4AIPNIPY X PC=R XRYXRC 
Or, which is the ſame NE | | 

thing | c[AXAQxAC=F xFQxFC. 


That is, in Words, if one of the Bodies were multiplied by 


its Diſtance from the Center of Oſcillation, and the Product ari- 


| ding from thence were multiplied by the Diſtance of the ſame 


Body from the Center of Suſpenſion, this laſt Product would be 


equal to the Product of the other Body multiplied by its Diſtance 


from the Center of Oſcillation, multiplied by its Diſtance from 


the Center of Suſpenſion, And, fince the ſame would be true 


if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 


Diſtance of the ſame Body from the Center of Suſpenſion, all 


the Products relating to the Bodies on one Side the Center of 
Oſcillation taken together, will be equal to all thoſe which re- 


late the Bodies on the other Side thereof taken together. Let 


then the Diſtances of any Number of Bodies, as A, B, D, F, 
from the Center of Suſpenſion be called a, 6, 4, %, reſpectively, 
and the Diſtance of the Center of Oſcillation Q from the Center 
of Suſpenſion C, be called x : And ſuppoſe the Diſtances of the 
Bodies A, B, D, leſs than the Diſtance CQ. or x; and that of 
the Body F greater, as in the Figure: Then will the Diſtances 
of A, B and D from the Center of Oſcillation be expreſſible by 
x—a, x—b, and x—4; and the Diſtance of F, by /- x; mul- 
tiplying then each Body by its Diſtance from one Center, and 


the Product ry therefrom by the Diſtance of the ſame Body 


from the other Center, we ſhall have Aax — Aaa + Bbx — 
Bb + Dax — Dad —= EF — Ex, which reduced gives x = 
Aaa + Bb + Dad + F | 
Aa B +SUd+ Hf 
of the Rule above laid down, 


Which latter Equation is the Senſe 


round 
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round a Point, with which, if the Pendulum 
or Rod ſtrikes againſt an Obſtacle, no Jar or 
Shock at the Point of Suſpenſion ſhall be oc- 
caſioned thereby. G 
Thus, let CF (Fig. 8.) be an inflexible Rod. 
having the Bodies A, B, D, Sc. fixed in it 
at the Points A, B, D, Gc. and let O be an 
Obſtacle againſt which, as it vibrates or ſwings 
round the Point of Suſpenſion C, it may 
ſtrike againſt : then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ftrikes againſt O, (as the Point Q 
ſuppoſe) is called the Center of Percuſſion. 


NATO sro. 

The Center of Percuſſion is the ſame with 
the Center of Oſcillation; and conſequently 
may be determined by the ſame Rule (e). 

Z PROB. 


(e) Dem. From the Definition of the Center of Percuſſion 
above laid down, it appears, that the Forces, with which the | 
Bodies A, B and D, which would paſs above O, move ; muſt 
be a Counterbalance to the Force of the Body F, which would 
paſs below it : and that the Force of F mult be a Counterbalance 
to them. But the Forces wherewith thoſe Bodies move, are as 
their Maſſes multiplied by their Diſtances from C, their Velo- 
cities being as theſe Diſtances. Farther, when the Point 

comes to O, and is ſtopt there, the Bodies A, B and D, en- 
deavouring to go on, ſway or bear againſt F, and F againſt 
them; juſt as if they were fixed to a Lever, as AF, having its 
Fulchram at Q. Conſequently the Forces of the former Bodies. 
ſo far as they act againſt the latter, are as their Diſtances from 
the Point Q; and the Force of the'latter, fa tar as it acts 9 
ber the 
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PROBLEM. 


Let it be required to find the Center of 
Oſcillation, or Percuſſion of an inflexible Rod 


AB (Fig. 9. as a Bar of Iron, or the like) 


every where of equal Size, and vibrating in, 
or revolving round the Point A, as a Center of 
Suſpenſion. (⸗ ) 


the former, is as its Diſtance alſo from Q: the abovementioned 


Forces muſt therefore be multiplied by the Diſtances of the 
Bodies from Q: but the former of them, as obſerved above, 


balances the latter; and the latter them. So many therefore of 


the laſt Products as relate to the Bodies above Q taken together, 
mult be 1 * to that which relates to the Body (or Bodies) below 


it. But the like Products were equal to each other, when the 
Point Q was looked upon as the Center of Oſcillation (as in the 


Sth Step of the foregoing Proceſs) conſequently the Center of 


Percuſſion is the ſame with that of Oſcillation. Q. E. D. 
V Selut. Imagine the Rod to be divided into the leaſt poſls- 


ble Parts B, C, D, &c. each of which call One. Theſe Parts 
wie may conſider as ſo many Bodies contiguons to one another; 


ſo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Rod. 
To find this, we are by the Rule above laid down in the Text, 
to multiply each of theſe Bodies by the Square of its Diſtance 
from A. The firſt of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared, 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Area 
or Surface, one of whoſe Sides is AB. In like manner the 


Body C, when multiplied by the Square of its Diſtance from A, 
is a Square Area, one of whoſe Sides is AC, ſomewhat leſs than 


the former. * Imagine this Area laid upon the former ; and the 
next, which will be leſs ſtill, laid upon that; and ſo on till 


you come to the leaſt of all. "Theſe will make a Pyramid, whoſe 
_ Baſe is the firſt Area, and its perpendicular Height will be 


equal to the Thickneſs of them all together ; which Thickneſs 


will be as the Length of the Line BA. The Value or folid Con- 


tent 
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tent of this Pyramid will be AB (viz. its Baſe) multiplied by 
a third Part of AB (its perpendicular Height). In the next 
Place we are to multiply each of thoſe Bodies by its Diſtance 
from A: Now the Body B (or One) multiplied by AB, give a 
Line, as AB; fo the Product of C, multiplied by its Diſtance 
AC, give a Line, as AC; theſe Lines heaped one upon ano- 
ther (as the Areas were before) will make a Triangle, whoſe 
Baſe will be AB, and its perpendicular 8 alſo AB; the 
Value, or Area of which, will be AB multiplied by Z AB. In 
the laſt Place, by the Rule, we are to divide the Sum of the 
Products in the firſt Caſe, by the Sum of the Products in the 
latter; that is, the Content of the Pyramid by the Area of the 
Triangle; that is, AB? Xx AB, by AB x AB, which gives 


, that is, 2 AB, or two Thirds of AB: ſo that the 


Ly 
Diſtance of the Center of Oſcillation or Percuſſion, (as E ſuppoſe) 
from A the Center of Suſpenſion, muſt be equal to two Thirds 
of AB, the whole Length of the Rod. Q. E. I. 
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b CRONI 
Setting 
Fart IV: 
AcrTt1on, it 
action ſhe 
A1R, define. 
its Elaſtici 
ing contra 
its Elaſtic 
i Heat ; its 
| | Preſervati 
= 1 | P. 37 4. 
| | | MRA, wha! 
The ſever 
P. IV. p. 
r N a, th 
miting u 
P. 144. 7 
ALTI TVT! 
P. IV. p 
AMPHISCI 
p. 136, 
AMPLITU] 
riſing and 
what. P. 
ANNUAL 
Earth, w 


i x. 


A 


N D E * 


f 
To 


8 
AC RON ICA I. Riſing and 


the 


Setting of the Stars. 

Part IV. page 145 
Acrt1on, its Equality to Re- 
action ſhewn. P. I. p. 22. 
Als, defined; its Preſſure; 
its Elaſticity; capable of be. 
ing contracted by Preſſure; 


its Elaſticity augmented by 


Heat; its Neceſſity for the 
A wig of Life. P. II. 
p. 33—41. 
ARA, what. P. IV. p. 200. 
Tube ſeveral Sorts of them. 

N 
TNA, the Cauſe of its vo- 
miting up Flames. 

p. 144. in the Notes. 


ALT1TUTE of a Star, what. 


FAY. D-0ds> 
AMPHISC11, what. P. IV. 
p. 136. 


AMPLITUDE of aStar, what; „ 
riſing and ſetting Amplitude, 


what. P. IV. p. 140. 
ANNUAL Parallax of the 
Earth, what. P. IV. p. 52. 


P. II. 


N 


Axx us MAGNUS, what. 
A 

ANOMALY, what, P. IV. 
p. 49. 

ANTARCTIC Pole, what; 


Circles, what. P. IV. p. 


13355 

ANTICEDENTIA, what. P. 
IV. p. 56. 

8 what. 2 . 

P. 137. 

Ax rokcr, what. P. IV. 
ET 

APHELI1ON, what, I, 
p- 48. 

APOGEON, what. P. 15 


p- 48. 

APPARENT DISTANCE, Dr. 
BARROw's Difficulty about, 
it ſolved. P. III. p. ON 

APPARENT MorT10N, the 
apparent annual Motion of 
the Sun accounted for. P. 
IV. p.35 Another Way 
of accounting for the ſame. 
P.IV. p. 44. in the Notes. 

—Of Mercury and Venus ac- 
counted for. P. IV. p. 58: 


— 


* 


— Of Mars, Jupiter and Sa- 
turn accounted for. P. IV. 

p. 66. 

— Of Jupiter and Saturn's 


Satellites accounted for, P, 


IV. p. og. 

APPARIT1oN, Circles of per- 
petual Apparition, what. 
F. IV. p. 1 

APPEARANCE of Bodies ſeen 
through Media of different 
Forms, P. III. p. 72—85. 


— Of Bodies ſeen by Light re- 
flected from plain and ſphe- | 


rical Surfaces. P. III. p. 118 
e +4. 

ARCTic Poles, 1 ; Cir- 
F 


ARE As, deſcribed by revolv- | 


ing Bodies proportionable to 
the Times. P. I. p. 46. 


AsCI1, what. P. IV. p. 136. 


As cENs ION, Circles of it, 
what. P. IV. p 11 
Right Akenften, what, P. 
IV. p. 132. 


Oblique Aſcenſion, what. | 


. 036%. 


 ASCENSIONAL 1 | 


what. P. IV. 

As ckEN T of F nds! in | Gapilla- 
ry Tubes. P. II. p. 57—72. 

— Of Vapours, not ſuſſicient- 
ly accounted for. 
Opinions concerning them 
examined and confuted. 2 
II. p. 130. 

8 what. P. 1, 


33+ 
* Veight P. II. p. 30. 
That its Height may be de- 
termined by the Duration 


| 


of the Twilight, an erro- 
neous Opinion. P. IV. p. 
12 1. in the Notes. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunſhine, would be quite 
dark. P. IV. p. 120. 
The heavenly Bodies appear 
elevated by 
of it. P. III. p. 75. and 
FH. D127» 


into Coheſion and Gravita- 


from Facts; its Laws and 
Manner of Action, P. I. 
p. 12—18, 

Arguments to ſhew, that the 
Planets are retained in their 
Orbits thereby. P. IV. p. 
247 


Note b. 


nomena of it; a Solution of 
each Phznomenon of it; 
Cotes, Halley's, Mairan's, 


K 


Seneca and Ariſtotle. P. . 
P. 147—169. 
AURUM FULMINANS, its 
Compoſition and Effects. 


P. II. p. 145. in the Notes. 
Tas AvTHOR, his Barome- 


ter, in which the Scale of 
Variation is infinite. P. II. 


p. 19095, Another of the 
Author's 


the Refraction 


ATTRACTION, diſtinguiſh'd 


tion; each Kind proved 


. Demonſtrated, not to be a * 

mechanical Cauſe. Preface, — B 0a 

AURORA Bok EALIS, a full 
Account of that remarkable 
one, which was ſeen March 
6, 1715; the general Phæ- 


Maier's Solutions of it. No- 
tice taken of it by Pliny, 
Various 


Author 
Scale is 
p. 110. 


Axis of 


PIV. 
The In 
of the 8 
the Ph 
the Ecl 
in the I 
Situatic 
Axis. 
—Of the 
Paralle 
P. 53. 
AZ TI ul 


p. 138 


— Of a < 


p. 140 


tion 
Linus, 
it. P. 
Hugen 
with a 
P. II. 
Its Uſ 
Heigh 
5 
1 U 
Altera 
„ 
The R 
in wil 
p. 92. 
Leibni 
futed. 
Patri. 
the R. 
COMM 


TY DEX 


Author's, in which the 

Scale is alfo infinite, P. II. 

p. 110 

Axis of the Earth, what. 
P. IV. p. 120. 

The Inclination of the Axis 

of the Sun, and of ſome of 
the Planets to the Plane of 
the Ecliptic. P. IV. p. 16. 
in the Notes. 


Situation of the Moon' s| 


Axis. P. IV. p. 19. 
—Of the Earth, not always 
Parallel to itſelf, F. IV. 


P. 53. 
AZIMUTH, kak: P. IV. 
p. 138. 2 
—Of a Star, what, FI. 
p. 140. 


j 


. 


ö AROM ETER, its Conſtruc- | 


tien. FP. IV. p. 34. 
Linus, his Hypotheſis about 
it. . II. p. 86. 


Hugens, his Experiment 


with a Tube 7 5 Inches long. 


P. II. p. 87. 
Its Uſe in determining the 
Height of Mountains. P. 
. 
Its be in foretelling the 
Alteration of the Weather, 
„C 


The Reafdn of its being owe 


in windy Weather. P. II. 
P- 92. 
Leibnitz's Hypotheſis con- 
futed. P. II. p. 95. 
Patric's Obſervations 
the Riſing and Falling of it 


j 


Bop , its efſential Properties. 


! 


b. 88. | 


| Dr, 1 his No- 
on | 


commended PTE 6. 


Des Cartes's, his Barometer, 
P. II. p. 100. 

Horizontal or rectangular 
Barometer. P. II. p. 101. 
Diagonal Barometer. P. II. 
p. 101. TO | 

Roofs Wheel Barometer. 
FH. 

Hooſt's Marine Barometer, 
P. II. p. 10 
The Author's Barometer, 
in which the Scale of Varia- 

tion is infinite. P. II. p. 

1 105. | 
Another of the Author's, 
in which. the Scale of Va- 

_ riation is alſo infinite. P. II. 
EEO. --- 

Portable Barometer. P. II. 

„ 
BLACK N ESS, the Abſence of 
all Colour. P. III. p. 143. 


F.. N. 

The Qualifications i in Bodies 
neceſſary to diſpoſe them to 
reflect Rays of N Co- 

Durs. P. III. p. 174. 

Sir Iſaac Newton's FER 
ture about its conſtituent 
Particles. P. III. p. 153. 
Cauſes of its Opacity and 
Tranſparency. P. III. p. 
154. 

Lighter at the Equator of 
the Earth than at the Poles, 


on a . 5 Account. P. 
IV. p. 281. 


tion. of F er mentation. F. 


HL.-p;12x; 


Pgrrcns. 


© © 2 


BREESES from the Sea in| 
warm Weather, accounted 


for. P. II. p. 128. 
3 C. 


ALENDAR, Julius Ce- 
ſar's Reformation of it. 


P. IV. p. 186. 5 


Pope Glare, his Altera- 


tion of it. 


EST 4499; | 
 Caritr.any Tubes, what; 


their Phenomena ſhewn to |. 


be owing to the Attraction 
of Coheſton! the Abſurdity 
of a Fluid being made to 
circulate by Virtue of a Ca 


pillary Tube. P. II. p. 
. 


CApRICOR N, Tropic of it, 


what. F. IV. p. 138 


CAR DINAIL Points, what. P. 


IV. p. 139. 

Des CAR WES, his . 
of the Horizontal Moon. 
P. III. p. 87. 


CARTESIAN Notion of Vs. 


FF. II. 


5 1 confuted. 

P. 16. 
Notion of Light confuted. 

d.. 

CENTER of Gravity, what. 
P. I. p. 59. 

9 * what. P. 1. 


855 . what. 
P. 59 
TR Oſcillation, what. P. I. 


33. How determined. 
. to Part I. 


P. IV. p. 190. 
Cancrs, Tropic of it, what. 


P. . 


which diſpoſe them to re- 


Of Percuſſion, what, and 


— _ * 


4 


how determined. Appendix 
to Part 1. 
CEnTRIPETAL and Centri- 
fugal Forces, their NN 
explained. P. I. p. 43. 
The Effects of 5 largely 
ſet forth and demonſtrated. 
P. IV. p. 203. to the End. 
CIRCLE, great; leſs; paral- 
lel; the Poles of it; Axis 
of it; Secondary of it; 
fixed; moveable; of Af- 


cenſion and Declination; 


Hour Circle; tropic and 
polar Circles; arctic and 
antarctic; vertical; of per- 
petual Apparition, and per- 


petual Occultation. P. IV. 


p. 125— 146. 

The exact Adjuſtment be- 
tween a projectile and cen- 
tral Force, neceſſary that a 


revolving Body ſhould be 


retained therein. P. IV. 
CLiMATEs, what. P. IV. 
P. 144. 2 
COEHESION, n 
rn 
The Proof and Laws of it. 
Fi 
Not a mechanical Cauſe, 
Preface, Note b. 
CoLours, the Cauſe of the 


| Variety of them. P. III. 


P. 1414. 
The Qualifications in Hales 


flect Rays of different Co- 
lours. P. III. p. 147 —153- 
Cortrs, their Nature and 
Motion; the Opinion 2 

. 2 


ſcribec 
fended 
the N. 
Cop ERN 


Concer. 


__ the No 
Cos Mic. 
75 of the { 
Corxs, 


Auror: 
158. 


E AA 2X 


the Ancients concerning 
them; their apparent Mo- 
tions accounted for; the 


Form of their Tails; Sir | 


 Thaa Newton's Opinion 


concerning their Tails; a4 
2 Conjecture of the Author's | 


Concerning them; the Me- 
thod of inveſtigating their 
apparent Courſes. P. IV. 
p. 98— 112. 


The Form and Poſition of 
their Orbits. P. IV. p. 22. 


CoMmMuNicAaTiON of Mo- 
tion, in Bodies not elaſtic. 
50. 14 
"a Bodies elaſtic. P. 1. 
3. | 
Cow pas, the Paints: of it, 
what. P. IV. p. 139. 
ConJuNnCTlon inferior 1 
ſuperior, what. P. IV. 
p. 58. | | 


CoNSEQUENTIA, Motion i in 


it, what. P. IV. p. 56. 
Consr EO, what, 
P.. | 
H ave forlaken their former 
Places. P. IV. p. 56. 
Copmunclin' Syſtem, de- 
ſcribed. P. IV. 
fended. P. IV. p. 22. in 
the Notes. 
CoPERNICUs, his prophecy 
concerning the Phaſes ws 
Venus. P. IV. p. 65. 
__ the Notes. 
Cosuic Al Riſing and Setting 
of the Stars. P. IV. p. 145. 


Cor Es, his Solution of the | 


Aurora Borealis. 


P. II. p. 
158. vs | | 


p. 12. De-| 


Ch Ears, „or Twilight, 


accounted for; P, IV; p. 
7 7 ED 
That the Height of the At- 


moſphere may be determined 
by it, an erroneous Notion, 
P. IV. p. 121. znthe Notes. 
ee , the Elements 
of it. P. IV. p. 178—202. 
CULMINATION of a Star, 
What. P. IV. p. 489. 
CyYCLEs, the ſeveral Sorts of 
them. P. IV. p. 193. 


D. 
D* 


Ys and Nights, their 
Variety in Point of 

Length e for, F. 

IV. p. 


1 Of the Week, whence their 


Names. P. IV. p. 184. 
| DEcLINATION, what. 

: 3 "08 P. if 384-1 | 
DEGREE, the Ninatieth, 
What, PIV pen. 
. the Poles larger than at 

the Equator. P. IV. p. 282. 
DEPRESSION ofaStar, what. 

P. IV. p. 139. . 
Des CARTES, his Barome- 

ter. P. II. p. 100. 

Dr. DEsAGULIERs, his Opi- 
nion concerning the For- 
mation and Aſcent of Va- 

pour, examined. P. II. 

p. 133. 


p. 


I 77 1 


"Plane; P. I. . 8. 
DE w, the Colours of the 
Rainbow ſeen init, P. III. 
LS. 208. 


3 


D1iacoNAL 


7 N D E K. 


Diaconar Barometer, de- 
ſcribed, P. II. p. 101. 
DriAMETERSõ of the Sun and 
primary Planets, P. IV. 


p. 14. 


DIFFERENCE, afſecitional, | 


what, P. IV. p. 143. 
DrsTANCE of an Object, how 
Judged of by the Eye 5 
I. se 
— Of the Sun add Ss: 
Planets, P. IV. p. 14. 
—Of the Moon Am the 
Earth. P. IV. 


—Of the Satellites 575 upiter | 


and Saturn from their Cen- 
ters.” ie 


 DivisipitITy of Matter, 
the Meaning of its Infinity 


explained its Infinity de- 
monſtrated ; how far Mat- 


ter is aQually diviſible, con- 


ſider d. P. I. p. 7—9. 
Diu gx Al. Motion of the 


r. F p. 3. 
DocrRiNE of the Sphere, 


treated of. P. IV. p. 125— | 


146. 


ter, on what its Alteration 
is founded. P. IV. p. 194. 
Dzacon's Head and Tail, 
what. P. IV. p. 67% 


| PARTY, its Axis, what; 
=. its Poles, What. F IV. 
9.140; | 


The Poſſibility of its being 


inhabited quite round. P. 


Its Diameter; Diſtance from 
the Sun; its periodical Time 
and Rotation about its Axis. 
P. IV. p. 14. in the Notes. 
Its annual Parallax, what. 
P. IV. p. 56. 80 
Its Axis not always paral- 
lel to itſelf. P. IV. p. 53. 


its Circumference. P. IV. 


p. 140. in the Notes. 
Its Form, that of an oblate 


Sphereid. P. IV. p. 274. 

Its ſpheroidical Figure con- 
firmed by Pendulums. F. 
IV. p. 2709. 

That it is more denſe at the 
Center than at the Surface, 
probable. P. IV. p. 280. 

Bodies lighter at the Equa- 

tor of it than at the Pole on 

a threefold Account. V. 
p. 281. 


it explained. P. IV. p. 197. 
EBBING and Flowing of the 

Sea, accounted for. P. IV. 
p 266 


Ecuo, the Nature . 4 ex- 
Do uiliN Ic Al or Sunday Let- | 


plained. P. II. 
Ecrirszs of the 1 and 
Moon, with their ſeveral 
Circumſtances, accounted 
for. P. IV. p. 86—93. 
Of Jupiter and Saturn's Sa- 
tellites, P. IV. p. 93. 
EcLipTic, what. P. IV. 


what; its Poles, what; its 


Secondaries, what; Signs 


Ip. 


IV. p. 9. 


| of it, what. 
127 and 128. 
ELASTICITY 


The Method of meaſuring - 


EASTE R, the Rule for finding 
heavenly Bodies, accounted | 


p. 36 and 127; its Axis, 


 ErtvaTion of the Pole, 


p. 65. 
Erock, what. P. IV. p. 
200. 
1 ATION 3 aPlanet, what. 
IV. p. 4 
QUATOR, what. 3. Iv. 
* 3 
Firn, F. 
IV. p. 1 F 
—Points, ol P.IV. p. 


accounted for. F. V. p. 

„ ä 

—Colure, what. P. IV. p. 

„„ 

Ess ENT TAI Properties of | 
Body. P. I. p. 7. 


TM 1 E: Xt; 
ELasTICITY of the Air. 


P. II. p. 36. | 
ELECTRICITY, the Proper- 


P. I. p. 18. 


ties of it. 


what. P. IV. p. 
ELLIPSI 8, deſcribed. 
p. 17. in the Notes. 
ELON GAT ION, what. P. IV. 


140. 
P. IV. 


{ 


52 and 132. 
— points, their Proceſſion, 
what. P. IV. p. 52. 
Points, their Proceſſion, 


EXCENTRICITY, what, P. 
IV. p. 17, im the Notes. 


—Of the Moon's Orbit. PD. 


IV. p. 19. in the Notes. 
How great in the Orbit of 
each primary Planet. P. IV. 
p. 18. in the Notes. 
ExTENsS10N, a Property of 
Body. P. I. p. 


Eye, the Deſcription of it. 


P. III. p. 53—55. 
Why blind with Ref WY to 


| Objedts placed 945 it in 


D 


a certain Point. P. III. 
p. 69. 5 
F. 
F ALLINOG Bodies, their 
1 Phenomena accounted for. 
P.1. p. 24. 
FERMENTATION, from 
whence it ariſes ; the Opi- 
nions of Friend, Keill and 
 Beerhaave about it; the 
Manner in which it is to be 
accounted for, P. II. p. 
170—173. | 
FiGUREs of the heavenly Bo- 
de. © 1V0-276 
FiTs of eaſy Reflection and 
_ Tranſmiſſion, not the Cauſe 
of the Reflection of * 
die 
FLAMES, why vomited up by 
burning Mountains. P. II. 
p-. 144. 8 
FLORENTINE Experiment, 
P. I. p. 7. in the Notes. 
FLuipiTy, the Nature of it. 
P. I. p. 4. 
Frulps, how they act upon 
each other by their Preſſure; 
on upon Solids, P. II. 
p. 7—32. 


Their Reſiſtance. P. 18 


P. 41. 

The Abſurdity of their * 
ing made to circulate by 

means of a Capillary Tube. 

P. IV. p. 71. in the Notes, 
Forcgs neceſſary to retain 

revolving Bodies in circular 


and other Orbits. F. . 
P. 0 


TouNxrAINe, 


N 5 R Y 
the Winds. 
in the Notes. 

His Solution of the Aurora 


Fobur Aids, Welk Origin; ; 


Ariſtotle's, Des Cartes's, | 


Varenius's, Marriot's, and | 


Halley's Opinion of them. 
F. II. p. 73—76. 
Their Reciprocation ac- 
counted for. P. II. p. 81. 

FRI CID Zone, what. P. 
IV. p. 136. 


SG. 


f : 
F 


NA 
G of the Horizontal Moon. 
P. III. p. 87. 


GEO CEN TRIC Latitude, | 


FEY 


what. 


p. 62. 


Glo Es, their Betription 4 


and Uſe, P. IV. p. 147. 
Problems on them. P. IV. 
p. 161-178. 
GoLDeN Number, 

IV. p. 197. 
JRAVITATION of Matter, 
its Laws and Manner . of 
acting, the Senſe in which | 

the Word is uſed in Philoſo 

phy. P. I. p. 12—17. 
Demonſtrated not to be a 
mechanical Cauſe, Preface, 
Note b. 

Gravity, ſpecific, what. 

e 

GREOOR (Pope) his 1 

mation of the Calendar. P. 

IV. p. * 


what. P. | 


K. 
11, the Cauſe of it. P. 
II. p. 141. 


18 


SSENDUS, his Opinion 


P. Il. p. 116. 


Borealis. P. II. p. 160. 
HARDNESS in Bodies, the 
Degrees of it accounted for. 

"07 & I 
HarvesT Moon, "cepinited 
for by the Globe. P. IV. 
p. 168. 
HE Ar of the Sun, why not 
the greateſt when the Sun is 
moſt elevated. P. IV. p. 51. 
HEAVENT Y Bodies, the phy- 
ſical Cauſe of their Motions. 
P. IV er 
Their Figures. P. IV. p. 
274. 
HE AvE Ns, the Poles of them, 
what. P. IV. p. 130. 
Heavy Bodies, their Ten- 
dency not towards the Cen- 
ter of the Earth, except at 
the 7 and the Poles. 
rF.-1V.p. »8, 
HEL 1 Riſing and Setting 
of the Stars. P. IV. p. 145. 
HELIOCENTRIC Latitude, 
what. P. IV. p. 62. 
HEMISPHERES, northern 


] 


p. 132. 

HERE TIC AE L V ſealed, 
What. P. II. p. 100. i 
the Notes. 

HETEROSCI1, what, P. IV. 
p. 136. 


Dr. Hook's marine Barome- 
ter deſcribed, P. II. p. 103. 
HoRkIZz oN, ſenſible and ratio- 
nal, what. P. IV. p. 138. 


Dr. HALLE v, his Hiſtory of | 


HORIZONTAL 


and ſouthern, what. P. IV. 


 HouGcens, 


. 


Hor170NTAL 9a 


deſcribed. P. II. p. 101. 


Moon, Des 2 s, Gaſ- 


ſendus's, Hobb's, De Veil, 
and Wallis's Opinion of it; 
the Author's Thoughts con- 
cerning it. P. III. p. * 


95+ 


Hoon Circles, what. P. IV. | 


p- 134. 

his Experiment 
of filling a Tube 75 Inches 
long with Mercury. F. I. 

p. 87. 
A remarkable, lucid Spot, 
diſcovered in the Heaven by 


him. P. IV. p. 29. in the 


Notes. 
HyDpROSTATICAL tide.” 
its Ute.” F. II. p. 32. m 
the Notes. N 


HyDpRosTATICS, the Intent 


of it. F. II. p. 4. 


14 


IN ApsIs, what. P. IV. | 


p. 49. 
Iu AGE, why three. or more 


appear, when a ſingle Ob- 
ject 1s viewed ina common 
Looking Glaſs, P. III. 
120. in the Notes. 
IurAc, that Light is not 
a., . 
158. 


IxAcTIvIT v, a Property of 


Matter. P. I. p. 


INCIDENCE, that the Sine of | 


the Angle of Incidence bears 
_ a conſtant Ratio to the Sine 


| 


70 


br he Orbits of 


of the TD of Refraction · 
P. III. 
The Sine of the Angle of 
Incidence equal to the Sine 
of the 9. 85 of Reflection. 
P. III. 


40 of the Axis of 


the Sun, and of the Axes 
of ſome of the Planets to 
the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
—Of the Orbit of each pri- 
mary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. 


| —Of the Moon's Orbit to the 


Plane of the Ecliptic. P. IV. 
p. 19. in the Notes. ä 
90 oO $ Ring. P. VV. 


Jupiter's 
and Saturn's Satellites. P. 
IV. p. 21. in the Notes. 


Of the Orbits of _ Co- 


mets. P. IV. p. 2 
INCLINED Plane, the Falling 
of Bodies down it conſider'd. 
. | 
INFERIOR Conjunction, 
W. 4 

IxFINIT of the Divilibility 
of Matter explained and de- 
monſtrated. P. I. p. 8. 

Sir IS AAC NRW TON, his 
Conjecture about the Size of 
the conſtituent * of 
Bodies. P. III. p. 15 3. 

—His Fits of eaſy Reflection 
and Tranſmiſſion, examined. 
F, III. p. 163. 

— His Opinion concerning the 


Fail 


It: N NM N A 


Tails of the Comets, exa- 


| mined, P. IV. p. 102. 
Juortax Period, what. P. 
IV. p. 199. 


mation of the Calendar. P. 
IV. p. 186. | 
Jurir ER, its Diameter, Diſ- 


dical Time and Rotation 
about its Axis. 
14. in the Notes. 
The Situation of its Axis. 
P. IV. p. 16. in the Notes. 
The Excentricity and In- 
elination of its Orbit. P. 
IV. p. 18. in the Notes. 
The periodical Times and 
Diſtances of its Moons. P. 
IV. p. 19. zu the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of computing 
its Diſtance from the Sun. 


clipſes and Occultations of 
its Satellites. P. IV. p. 93 
6. 

Thel Method of determinin 2 

by the Eclipſes of its Satel- 

lites, the Parallax of the 
Earth's Orbit, the ſucceſſive 
Propagat ion of Light, and 

the Longitude of Places. P. 
1 96. in the Notes. 


Kr, his Notion of Fer- 
1 mentation, conſidered. 
. F. 170. 


Jorius Cxsar, his Refor- | 


tance from the Sun, Perio- 


P. IV. p. 


P. IV. p. 70. in the Notes. 
The apparent Motion, E- 


1 


| 


His Determination of the 
Height of the Earth's At- 
moſphere, from the Dura- 
tion of the Twilight, ſhewn 
to be erroneous. P. IV. 
p. 121: in the Notes. 

K EP I. E R, his Senſe of the 
Poetical Riſing and Setting 
of the Stars. P. IV. p. 145 
W 


IL. 


L* 1 11 UD E, heliocentric 
and geocentric, what. 
P. IV. p. 62. 


| —Of a Place on the Earth, 


what. P. IV. p. 

— Of a Star, what. 
p. 127. 
Parallels of Latitude, what, 

„„ 

Laws of Motion. P. I. p. 20. 

LEIBNIT S, his Hypotheſis 
concerning the Cauſe of the 
Deſcent of the Mercury in 
the Barometer, confuted. 
P. II. p. 95. 

1 the ſeveral Sorts of 

them; the Manner in which 

Rays are affected in paſſing 

through them. P. III. p. 
44—5 2. 
Why the convex ones are 
uſed by old People, and the 
concave ones by 2 
1 p26. -- 

LEveR, its Properties. . T. 
p. 20. 

LicaT, the Emiſſion of it 
from luminous Bodies not 


133. 


F. IV. 


ſufficiently accounted for ; 
the 


TFDEX 


the Idea of it, how excited; 


how propagated. P. III. 
p. 4. 

2 Velocity, how com- 

puted. P. III. p. 6. but 


more bete minstely. IV. 
p. 96. in the Notes. 


The ſurprizing Fineneſs of | 


its Particles. P. III. p. 6. 


Decreaſes as the Square of 


the Diſtance from the lumi- 
nous Ras increaſes, P. 


III. 


Des Carter 6 Notion of i it, | 


confuted, P. III. p. 8. 
The Refraction of it, 

counted for. P. III. ; 
The Law of its Refraction 


aCc- 


demonſtrated. P. III. p. 14. 


Its Refraction in paſſing 
through plain and ſpherical 


Surfaces, conſider'd. P. III. | 


p. 18—44. 


The Manner in hich. it 5 


reflected. P. III. p. 97. 


The Law according to 


dey it is reflected, P. III. 


13 
Its Refleftion from plain 


and ſpherical Surfaces, con- 


ſider d. P. III. p. 100— 
— 

Its different Reſrangbt 
ſhewn. P. III. p 


Tbe Rays of it pee to 


excite 7 85 of different Co- 
„ Jours. P. III. p. 134. 
The Opinions of Philoſo- 


phers concerning the Cauſe 


of. its Reflection, confuted. 
P. III. p. 158—167. _ 
The Cauſe of its Reflection 


not yet accounted for. P. 
III. p. 167. 

L1GHTNING, the Cauſe of 
it. PII. p. 143. 

Linz of the Nodes, what. 
P. IV. p. 62. 

LINEA Apridum, what, 
IV. p. 48. 

N its Properties. 
Polk Þ 

1 of a Place on 
the Earth, what. P. IV. 


p. 121; Was 
The Method of determining 
it from the Eclipſes of Fu- 
piter's Satellites. P. IV. bp. I 
97. in the Notes. 

—Of a Star, what. 
p- 127. 

Look ING Grass, why three 
or more Images appear, 
when a ſingle Object is 
viewed in a Looking Glak. 
P. III. p. 120. in the Notes. 

LU NAR IRREGULARITIES 

| accounted for. P. IV. p, 

249. 5 


. 


By IV. 


Mi Lantern, deferib'd. 
P. III. p. 210. | 

Mal R, his Solution of the 
Aurora Borralis. . II. p. 
159. 

MAlIRAN, his Solution of the 
ſame. P. II. p. 160. 

MasINE Barometer deſcrib'd. 
P. II. p. 103. 

Mars, its Diameter; Diſ- 

tance from the Sun; perio- 

} dical Time and Rotation 


4bout - 


— * — N 2 » a _ _ — * — T 
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ä 


about its ha P. IV. p. | 


14. in the Notes. 

The Inclination of its Axis 

to the Plane of the Ecliptic, 
P. IV. p. 16. in the Notes. 


Notes. 

The Inclination of its Or- 
bit to the Plane of the E- 
cliptic, P. IV. p. 18. 12 
the Notes. 

Its apparent Motion ac- 

counted for. P. IV. p. 66. 
The Method of determining 

its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 


pert ies. P. I. 7. 


monſtrated, and the Mean- 
ny of it ne P. I. 


Na AttraQtion of Coheſion 
and Gravitation, P. 1. 
p. 12. 8 

MzcHanicai Powers treat- 

ed of. P. I. p. 58—75. 

Mepiun, the Meaning of it 
in an optical Senſe. P. III. 
P- 

M 44 URY(in the Barometer) 
the Reaſon of its ſtanding 
0 in as Weather. P. 

Lali 8 | Hypotheſis con- 
cerning its Deſcent before 
Rain, confuted, P. II. p. 95. 


Patric s Obſervations con- 


cerning the Riſing and Fall- 
of it, P. II. p.96. 
Rules for 55 whether 


2 


ö 


| MarTER, its Sential Pro- | 


| be Torah what. P. IV. 
Its infinite Diviſibility de..“ 


I 


it be Riſing or Falling. 'P, 
II.. p. 98. 

Moons (the Planet) its 
Diameter, Diſtance from 


the Sun, and Periodical 
The Excentricity of its Or- 
bit. P. IV. Sp. 18. in the 


Time. PIV. p. 14. in the 
Notes. 
The Excentricity of i its $ Or- 
„Dit, P. IV. p. 18. in the 
Notes. 
The Inclination of its . 


bit to the Plane of the E- 


chptic. P. IV. pc 18; mm 
the Notes, © 

Its apparent Motion ac- 
counted for. P. IV. p. 58. 
Its greateſt ed P. 
IV. p. 65. 


531. 
MzRIDIAN Line, to find it 
partly by the Help of the 


Globe. P. IV. piin7y. 


M1cRosCoPss, a modern In- 


vention. P. III. p. 169. 
Their Deſcription and Pro- 


portion of magnifying, P. 
1. 


Mip- He avs, what. P. IV. 


p. 140. 


MILE Way, what. P. IV. | 


p. 28. 

MouzNTrun, the ſcaring 
of it explained. P. I. p. 49. 

Monsoons, accounted for. 
P. II. p. 126. 

Mon ks periodical and — 
dical, what. P. IV. p. 74. 
and p. 185. other Sorts of 

them. P. IV. p. 185. 

Moon, ſeveral: Opinions con- 

cerning the horizontal 


Moon, 


FE See Gan 
A ————— TY 


* * * 


Moon conſider'd. P. III. p. 
86—906. 


Sometimes occaſions the 


P. III. p. 209. 
Its periodical Time, and 


Rotation about its Axis; its 


Diſtance from the Earth, 


and Situation of its Axis; | 


the Excentricity of its Or- 


bit, and the Inclination | 


thereof to the Plane of the 
Ecliptię. R. IV, p. 19. 
Its different Phaſes or Ap- 


W. pere accounted for. P. 
IV. 


Its * Hemiſphere en- 


lightened by the Earth, P. 
IV. p. 74. 


Its . accounted for. 
F. IV. 

'The + aſe of meaſuring 
the Height of the Moun- 


* tains therein, P. IV. p. 85. | 


in the Notes. 


Its Irregularities accounted | 


8 IV. p. 249 —264. 
Moriox, 


I. p. 20. 
Mouxralxs in the Moon, 
the Height of them, how 


meaſured. P. IV. p. 85. in 


the Notes. 

Burning Mountains, their 
Cauſe, P. II. p. 144. 
the Notes. 


geiz the Effects of it on | 


| Perſons, bit with the oe 
rantula. P. II. p. 55+ 
the Notes, of 


Music Tones, A ISR 


Appearance of a Rainbow. | 


the Laws of it. P. | 


their Difference conſiſts, P, 
II. p. 53. | 


4. 


N. 
Nu what. P. IV. p. 


i his Notion 
of the Formation and Riſe 
of Vapours examincd. P. 
II. p. 132. 

NIN ETIE TH Degree, what. 
r 

Nopes, the Line of them, 

- what: PIN <p: ba; 
Aſcending and - bi 
Nodes, what. P. IV. p. 


76. L * 


[Nock THEMERON, what. 


P. IV. p. 882. 5 
NUmMBER of the Stars. 50 
IV. p. 2 | 
IS (LADY of the Poles, 
what. F.V. Pp. <2... 
; —Accounted for. P. IV. p. 
266. . „ 


0. 


QB12er, why it appears 
- _ ere, when its Image 

in the Eye is inverted. P. 
III. p. 65, 

Why it appears ſingle tho 

viewed with both Eyes, ſe- 


veral Opinions about this. 1 
P. III. p. 66. 


The Diſtance of an Ob 

how judged of by ee. 
P. III. p. 70. | 

The Appearance of Ob- 


jects ſeen through Media of 
E different 


. 


different Forms. P. III. 
p. 72-85. 
The Appearance of Objects 
ſeen by Light reflected from 
1 and ſpherical Surfaces. 
III. p. 118—1 33. 


Why three or more Images | 
appear when a ſingle Object 


is viewed in a common 
Looking Glafs. P. III. p 
120. in the Notes. 


OBE N what. 


1 
— Forces, "thei Effect. P. 1 


35 
— Planes, the Deſcent of Bo- 


dies on them conſi der'd. P. 
„ 


"os, what. P. W. 5. 


142. 


 OBscuna CAMERA de- 


ſeribed. P. III, p. 210. 
OccuLlTATI1oON of Jupiter's 

and Saturn's Satellites, P. 

IV. p. 93- 

Circles of perpetual Occul- 
tation, what. P. IV. p. 


8 
OcrAvE Tok, 25 Nature 


. 
ORs, 777 aufe of it. 
. 


Or TIC Angle, what, P. III. 


P. 70. 
—Nerve, what. P. III. p 


55 


OpT1cs, in what the 8 


iT, the Plane of it, 
p 
the Notes. 


The Inclination of the Or- 


bit conſiſts. P. III. p. 3. 


bit of each primary Planet 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes. 
The Inclination and Excen- 
tricity of the Moon's Or- 
.. 19. in the 
Notes. 
The Form and Inelinatien 
of the Orbits of the Co- 
Wies, F. IV. p, . 
The Inclination of the Or- 
bits of Fupiter's and Saturn's 
Satellites. P. IV. b. 21. in 
the Notes. 
 Oxr161N of the Winds, ae - 
counted for, P. II. p. 116. 
ORRERV, its Deſcription 
and Uſe. P. IV. p. 147. 
OsC1ILLAT1ON, its Center, 
what. P. I. p. 33. | 
I be Center of it determin'd. 
ew, to Part J. 


P. 
p.. RAL L Ax, his Earth's 


annual IN, what. 
P-TY; 
The "Nox of the Semi- 
diameter of the rack 01 
hit, What. P. IV. 
The Method of * the 
Diſtance of the Planets from 
the Sun by this Parallax. 
P IV. p. 70. in the Notes. 
The Method of determin- 
ing this Parallax from the 
Eclip ſes of Fupiter's Satel- 
lites? P. IV. p. 96. inthe 
Notes. | 
— Of the heavenly Bodies ex- 


plained, P. IV. p. 113. 
PARALLACTIC | 


TD - + 


PARALLACTIC Angle, what. 
PF. 
The Method of determining 
the Diſtance of a Planet 
from the Earth thereby. P. 
IV. p. 115. in the Notes. 

PAR AL L E IL. Circle, what, 
. 

Sphere, what. P. IV. p. 
142. 


PARALLELS and 2 


What. ©. IV. p. 144. 
PARATL F A Ls of Latitude, 
What. P. IV. p. 128. 


PASSIVENESS, a Property of 
Body. P. IV. p. 9, 


PEN DUTUus, their Theory. 


. 
Their Vibration in a Cy- 
cloid. Appendix to Part J. 


PEN UMBRA, What. P. IV. 


. 


PERCUSSION, the Center of 


it, determined. Appendix 

- Part I. — 

PERIC EON, what, P. IV. 
p. 49. 


PERIHELION, what. . 
P- 48. 


Per 10D, victorian, what. P. 


IV. p. 199. in the Notes. 
Julian, what, 
199. 


PERIODICAI. Month, what. 


P. IV. p. 74. 
Time of the Moon, and of 


Jupiter's and a 8 Sa- 
' - tellites.” F. IV. P. 19. 
Prxlokci, what. P. IV. 

P. 137. | 
Prxisclf; what, P. IV. p. 

FIR 


P. IV. p. 


: 


PERPETUAL Motion, the 
Impoſſibility of it. P. I. 


EIS 
—Apparit!on, Circle of it. 15 


V. p. 144. 
—Occultation, Circle of it. 
p. IV. p. 144. 
PHAsEs of the inferior Planete, 
explained. P. IV. p. 62. 
—Of the Moon. P. IV. p. 
2. 


PHYSICAL Cauſe of the Mo- 

tion of the heavenly Bodies. 

P. IV. p. 2039-274. 

PLANE of an Orbit, what. 
FLV. p13. be the Notes. 

PLANETS, the Poſſibility of 
their Motions. . 
4-10. 


D iſtances from the Sun, pe- 
riodical Times and Rota- 
tions of the primary Plancts 

about their Axes. P. IV. 
p. 14. in the Notes. 

Their apparent Revolution 
in 24 2 accounted for. 


P 


B. 33 | 
[-- - Fhe phy ical Cauſe of their 


| e P. IV. p. 203 — 


274. | 
The Figures they aſſume by 
revolving about their Axes, 
F.IV.p. 274 

PNEUMATICS, what, P. IT. 
p; 33- 

PoETIC AL Riſing and Setting 
of the Stars. P. IV. p. 145. 

Poi N Ts of the Compaſs, what. 

s 3 2 
Cardinal Points, what. P. 


IV. p. 139. 
E 2 | PeoL Anh. 


A Table of the Diameters, 


I N D : 


Por AR Circles, what. P. IV. 
p. 134. | 

Polk, the Elevation of it, 

. 

Por Es of a Circle, what. P. 

„ 

| —Of the Earth, what. P. 

IV; p. 1306. 

—Of the Earth, their Nuta- 
tion, what. p. IV. p. 53. 

its Solution. P. IV. p. 266. 

—Of * N what. * 

. 

—0f the Heavens, what, P. 
IV. p. 130. 


PORT ABLI Barometer, de- 
ff.. 1, 033%. 4 


PRECES5SION of the Equinoc- 
tial Ts what. P. IV. 


P. 5 
Reis Solution. B's IV. p. 
1 

PRESSURE of m. conſi- 


der'd. P. II. p. 7—27. 
PRIME Vertical, what. Ts 
IV. p. 139. 


loſophy. Preface, p 4. 
The Connection between 


them and the chief Phæno- 
mena of Natural Philoſophy. | 


85 Preface, p 


10-38. 


Their Ploof and Laws ot 5 


Action. P. I. p. 12—19. 
Demonſtrated to be no me- 


chanical Cauſes. "Yr eface. 
Note b. = 
Of Chronolgy. 5 IV. p- 
I78—202, 


PROBLEMS 1 the Globes, 


| PaojtcTrLEs, their Theory. 


FP. I. p. 35. 
PROPERTIES of Body. =P... 


I; p. 7. 
| PROSTHAPHZRESIS of- 2 


Planet, what. P, IV. p. 
| ProttMAtc Syſtem, dee 
ſcribed, P. IV. p. 13. in 
the Notes. 
PULLEY, its Properties. p. 
J. p. 54. 


PULVIS FULMINANS, its 
Compoſition and Effects. 
P. H. p. 145. in the Notes. 
Po Mu, capable of raiſing Wa-, 


ter from any Depth. P. II. 
p. 84. 
. thought by Dr. 


Liſter to be the Occaſion of 
Thunder, Lightning, Earth- 
| quakes and Volcano 5. FI. 


p. 145, in the Notes. 


Eo 


PRINCIPLES of Natural Phi- | 


UADRANT of Altitude, 
what, P. IV. 5. 159 
QuALIFiCATIONS | in Bodies 
which diſpoſe them to reflect 
Rays of different Colours, 
P. III. p. 147 154. 


R. 


ö 


Ra"; the Cauſes uſually 
aſſign'd for it, P. II. p. 

138. 

tRavs. See Light. 

REACTION, its Equality to 


P. IV. p. 161-178. 


— 


* 


Action, ſhewn, P. I. p. 
22. | ed 
RECiPROCATIO & 


1 N D E A. 


RE CIT ROC ATTO& of Springs, 


accounted for. P. UI. p. . 


in the Notes. 
REFLECTION of Light, ee 
Light. 


"REFRACTION of Light. See 


Light, 


: RE FRACTION of the 1. 


phere. See Atmoſphere. 


| REFRANGIBILITY of Light. 


See Light. 


Rr brsfos, defined. P. . 


p. 18. the Proof of it. P. 
in. p. 161. in the Notes, 
Not a mechanical Cauſe, 
"Preface. Note b. 


Rest8Taxce of Fluids, P. 


II. p. 41. 


demonſtrated. P. I. p. 46. 


RIGHT Aſcenſion ba a 2 wn 


what. E. . p. 143. 


Sphere, what. b. IVV. p. | 


141. 

RING of Saturn, its Form, 
and Inclination. P. IV. p. 
21. 


Its Appearance. . IV. p. 
97. 
Its Anſæ. P. IV. p. 98. 


Dr. Rook, his Wheel Baro- 


meter deſcribed, P. II. p. 
1 


Kor ain of the Sun, and 


primary Planets about their 
Axes, P. IV. p. 1 


 —Of the Tos about its 


Axis. P. IV. 
Rume Lines, wh * P. IV. 
p. 160. | 


8. 


QATzLLITEsof Fupiter and 
Saturn, See Fupiter and 
Saturn. 
SATURN, its Diameter; Dit. | 
tance from the' Sun; and 
periodical Time. P. IV, 
p. 14. in the Notes, 
The Excentricity of its Or- 
bit; and the Inclination of 
the Plane of its Orbit to 
the Ecliptie. P. IV. p. 
18. in the Notes. 
The Form and Inclination 


pol its Ring, and the Incli- 
nation of the Orbits of its 

Ruvotving Bodies deſcribe 7 
equal Areas in equal Times, | 


Satellites, P. IV. p. 21. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 


bp The Method of 3 


ing its Diſtance. P. IV. 
p. 70. in the Votes. 
The Appearance of its Ring. 
P. IV. p. 97. 

The periodical Times and 
Diſtances of its Satellites. 
P. IV. p. 19. in the Notes. 

The apparent Motions, E- 
clipſes and Occultations At - - 
its Satellites, accounted for. 
T,1v. 6 93; 
ScaLE of Variation in the 
Barometer, infinite. * II. 
p. 105 and 110. 
SCREW, its Properties, P. 
0.00, 
SEA, its Ebbing and Flowing 
accounted for. F.1V; Þ- 
266. 
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SEASONS of the Year, ac- 


| I4I—142, | 
counted for. P. IV. p. 37.| Parallel Sphere. P. IV. p. 
Accounted for another way, | 141—142. 
P. IV. p. 44. in the Notes. Right Sphere. P. IV. p. 
SECONDARIES of a Circle,, 141— 142 | 
what, F IV; p. 45 Spors of the Sun and Planets, 
—Of the Ecliptic, what, P.] the Motion of the Sun and 
AV; De 12), D Planets round their Axes 
SECONDARY Planets. See] determined by them, P. 
Moon, and Satellites. IV p, i. 
SEMITYCHON Ic Syſtem, de- SPRINGS. See Fountains. 
ſcribed. P. IV. p. 13. in| Sr Axs, fixed; why fo call'd; 
the Notes. why they appear larger to 
DIGNS of the Ecliptic, what. the naked Eye than with a 
P. IV. p. 128. „„ "Felekope.  F.1V, D235: 
SHORTSIGHTEDNESS, the] Their Diſtribution into 
4 Occaſion of it. P. III. p. Claſſes. P. IV. p. 26. 
| 04. 8 Of numbring and regiſtring 
Sk v, its Nature. F. IV. p. them. P. IV. p. 29. 
9. Old ones vaniſh, and new 
Snow, the Cauſe uſually aſ- ones appear. P. IV. „ 
| fign'd for it. P. II. p. 140.| Sir [aac Newton's Conjec- 
SOLAR Syſtem, deſcribed. P. ture about this; the fixed 
IV. p. 11—24. | Stars thought to be ſo many 
SoLIDITY, a Property of | Suns, P. IV. p. 32. 
Body, F. I. p. 7: Their Diſtance, and the 
SOLSTITIAL Colure, P. IV. 5.18. of computing it. 
p. 46, and 133. . 
EL P.IV. p. 46. and] The 1 and Lati- 
133. | tude of a Star, what. . 
SounD, how communicated| IV. p. 127. 
to the Ear. P. II. p. 47. heir Altitude, Depreſſion, 
Its Velocity, how comput- | Culmination, Azimuth and 
ad. P11. p. i. he] Amplitude, P. IV. p. 139 
Motes. — 140.1 . 
SPEAKING Trumpet, the] Their Right Aſcenſion, 
Nature of it. P. II. p. 52. What. P. IV. p. 143+ 
1 ap what, |STILE, old and new, what. 
II. „%%% =: 
1 ih Doctrine of it. | SUMMA Apſis, what. P. IV. 
e | p. 48. 
Oblique Sphere. P. IV. p. 
JUN, 
444 „ —-—-—ů 


EF MD . 


SUN; its Diameter, Diſtance 


from the Earth, and Time 

of its Rotation about its 
[ARS ©, IV. d 4. 

the Notes. 

The Inclination of its Axis 

to the Plane of the Ecliptic. 

P. IV. p. 16. in the Notes. 


— 


Its apparent Motion ac- | 


counted for. 
35 

Farther 00 us in Summer, 
than in Winter; the Oc. 


DIV. PA 


cation of this, P. IV. p. 
49. 
SUPERIOR Conjunction, 


what. P. IV. p. 58. 
SURFACES, reflecting and re- 
fracting. See Light, 
SWIMMING, ſolved, P. IV. 


p. 29. 
SYNODICAL Month, what. 
P. IV. p. 74. 


SYSTEM, the Copernican, 
Ptolemaic, Tychonic, and 


Semitychonic deſcribed. P. 


IV. p. 12—13. 
The e defended. 
P. IV. p. 22. in the Notes. 


T. 


Taue of the Cem! Sir 


Iſaac Newton's Opinion 
of them examined; with a 


Conjecture of the Author 8 


concerning them. P. IV. 
p. 102. 

TELESCOPES, a modern In- 
vention. P. III. p. 169. 


Reflecting Teleſcope in- 


vented by Sir Iſaac Newton, 15 


P. III. p. 171. 
A Deſcription of the ſcve— 
„ ral Sorts of 3 180 their 
magnifying Powers, P. II. 

p. 176—188, 
TEMPERATE Zone, what, 

Pe IV. p. 130. 


TENDENCT of heavy Bodies 


* 


not towards the Center of: 
the Earth, except at che 
Equator and the Foles. P. 
IV. p. 281. 


TRUN DER and Lightning, 
the Cauſe of it; the * effects 
of it not to be aſcribed to 
Thunder Bolts; the Man- 

ner of eſtimating the Dif- 
tance of it. P. II. p. 143 
„ | 

Tires, accounted 855 . 
IV. p. 266. „ 

Tims, the Equation af it, 

what; true and apparent, 

what. P. IV. p. 198— 

. . 

The Diviſion of it. P. IV. 

p. 181— 202. | 

ToRRICELLI, his Invention 

of the Barometer. P. II. 
p- 85. | 

TorRip Zone, what. P. 
70, 030” 

TRADE Winds, accounted 
for” P. I. P. 126. 

TRANSPARENCY, the Cauſe 
, p54 

Tropic Circles, what. P. 
. 

Of Cancer, what. 

1 "Is 

—Of Crpricor . 


P. IV. 


gp? Twit [GHT, 


1 


VARIAT ION, 


+ XF DB.” & X 


88 the Carſeof it. | 
P. IV. p12: 


The r of it, various. 
TAY: 23. 
That tbe Height of the At- 
moſphere may be determin- 
ed by it, an erroneous No- 
tion. P. IV. p. 121. in 
the Notes. 

Tycho xtc Syſtem deſcribed. 
P. IV. p. 13. in the Notes. 


v. a 
Men what, . 1. p. 


The ; Exifence of it denied 
by 2 Carteſians, P. I. 


p- II. 


Vayovuss, their 3 | 
and Aſcent not ſufficiently | 


accounted for , the Carte- 
fan Notion of them, con- 
futed ; Nieuwentyt's Notion 
of them; confuted. P. II. 
p. 130. 

The moſt Srl receiv'd 
Opinion of them, confuted. 
P. M. p13. | N 
Dr. Deſaguliers's * 
examined. P. II. p. 133. 

The Cauſes uſually align d 
for their falling in Rain, 
Snow and Hail. P. II. p. 
138. 

Line of it, 
what. P. IV. p. 161. 

VErociTy of Light, 


computed, P. III. p. 6. 


ö 


ö 


how 


i 


and P. IV. p. 96. in the 
Notes. 

Veros, its Diameter ; 3. Die 
tance from the Sun ; perio- 
dical Time; Rotation about 
its Axis; Inclination of its 
Axis to the Plane of the 
Ecliptic ; the Excentricity 
of its Orbit ; and the Incli- 
nation of its Orbit to the 
Plane of the Ecliptic, P. 
IV. p. EG RY. in the 
Notes. 

Its apparent Motion ac- 
counted for; its inferior 
and ſuperior Conjunction, 
what; why ſometimes our 
Morning, ſometimes Our 


P. 1 Evening Star; its- greateſt 
Its Re proved. P. I. 


Elongation; the Method of 


determining its Diſtance 
from the Sun. FE. IV. p. 
5 


Its Phaſes explained. P. Iv. 
Ode 
VERTICAL Circles,” what; . 
prime Vertical, what. P. 
IV. p. 138139. 
VEsvuvivs, the Cauſe of its 
vomiting Flames. P. II. 
p. 144. in the Notes. 
VicTor1an Period, what. 
P. IV. p. 109. ix the Notes. 
Visiox, the Nature of it ex- 
plained. P. III. p. 56. 
Diſtinguiſhed = bright 
and obſcure, . diftint and 
confuſed. P. III. p. 62. 
Urizon Tone, the Nature 
of it. - F . Cdhe 
Vurcano's, their Caufe. P. 
II. -Þ- I 44. tn the Notes. 
Warris, 


rizontal Moon. P. III. p. 
WAT HRR- GI Ass. See 
Barometer. 
WEDGE, its Properties, P. 
I. p. 67. 


| 
W. | 

WW ALL, his Opinion of 
the Cauſe of the Ho- 


'The Miſtakes of 4 Phi- 


loſophers about it. P. I. | 


P. 71. WD 
WHEEL and Axis, its Pro- 
perties. P. I. p., 63. 


Barometer, deſcribed. "Pat 


II. p. 102. 8 


WHITENEsS, a Compoſition | | 
of other Colours. P. III. 


P. 143. 


WHISPERING Gallery, the 


Nature of it. 
in the Notes. 


P. II. p. 53. 


WIN ps, their Origin ac- | 


counted for; Trade Winds 
and Monſoons accounted 
he. 18 Þ. 129: 
Their Variableneſs beyond 
the Limits of the Trade 


. 


II. p. 116—128. 

Dr. Halley's Hiſtory of 
them, P. II. p. 116— 122. 
in the Notes. 


F. 


Van, the Seaſons of it ac- 
Counted for, P. IV. p. 37 
45. 

Annus magnus, or the great 

Fear, what. P. IV. p. 


57 . | 
The ent Sorts of it. 


P. IV. p. 18). 


Leap Year, why fo called. 
P. IV. p. 190. 


2. 
Zens what. P. IV. 


e 33 the twelve 
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PART I. 
HYDROSTATICS. 


8 


CHAP. I. 


Of the Phenomena which ariſe from 


the mutual Action of the Particles 
of Fluids upon one another. 


1. 1 N the former Part of this Eflay, I have 


laid down and explained the general 
Laws of Nature, and from thence de- 


duced thoſe Phænomena, which are in a ſtrict 
and proper Senſe * denominated Mechanical: 


I pro- 


* In a larger Senſe, all the Effects and Operations of natural 
Bodies upon one another may be called Mechanical; as being 
all ſubject to the general Laws of Motion. In Hycroftatics 
Fluids are governed by the Laws of Mechaniſm, as much as 
the Mechanical Powers themſelves are; the fame holds of the 

IO . - | Rays 
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I procced now to an Explanation of ſuch, as 
Philoſophers have comprehended under the 
Name of Hydroſtatics ; the Intention of which 
is to explain the Nature of Fluid, and the 
Manner wherein they a& upon one another, 
and upon Solids. 

II. The Nature of a Fluid *, as diſtinguiſh- 
ed from that of a Solid, or hard Body, conſiſts 
in this, biz. that its Particles are ſo looſely 
connected together, that they readily move 


out of their Places, when preſſed with the 


leaſt Force one Way more than another +. 
From whence Philoſophers conclude, that 


they | 


Rays of Light, as will be ſeen when we come to Optics; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
ly prevails, as has been demonſtrated by Sir Jaac Newton 3 
which we ſhall endeavour to make out when we treat of the 
Phyſical Caule of the Motion of the n Bodies. 


* Some Philoſophers ks the following Diſtinelon in 
Fluids; thoſe which flow or ſpread themſelves till their Surfaces 
become level or horizontal, they call Liguid; in Contradiſtinc- 
tion to Flame, Smoak, Vapour, Sc. which are alfo Fluids, but 


do not acquire ſuch a Surface, Thoſe, which are capable of 


exciting in us the Idea of Moiſtneſs, as Water, Sc. they 
call Humid, diſtinguiſhing them thereby from Air, Quickſilver, 
and melted Metals. But thoſe Diſtinctions are quite unneceſſary 
in a Philoſophical Senſe ; the Surfaces of all Fluids being level, 
when not prevented-by the Bodies about them ; and Humidity 
is only a relative Quality; for tho' Quickſilver will not moiſten, 
Or r ſick to a Man's Hand, it will 1 to Toe or Gold. 


+ The common Defnition, Fluidum of cujus * impreſſ 771 
enteunque cedunt, & cedendo facillim? moventur inter ſe, though 


it expreſſes very well the Nature of a campreſible Fluid, as Air, 
vet does not correſpond to that of Water, whoſe Parts have 


been tound to do to no Force, with which they have been 


compreſſed, 


—— — 


——ů——ů " 
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they are exceedingly minute, ſmooth, and 
round * ; it being otherwiſe impoſſible they 


| ſhould. 


. compreſſed, unleſs it was greater on one Side than on the other. 


The Definition therefore ſeems imperfect, as not expreſſing that 
Trequality of Preſſure, which is requiſite to move the Parts of 
ſome Fluids one among another. 


* It is commonly obſerved that the Roundneſs of the Parti- 


cles conduces very much to Fluidity, not only as it diſpoſes them 


to move one among another with greater Facility, but becauſe 
round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker. 
But, vpon this Suppoſition, the Particles of a Fluid ought ta 
move with leis Freedom one among another, by how much the 
greater the Weight is, with which they are compreſſed (for it 
is the ſame thing in this reſpect, whether they preſs againſt each 


other by Virtue of their own Attraction, or by ſome external 


Force) but of this we have no Experience. A Diver, upon 
plunging out of his Bell at the Bottom of the Sea, never finds 


the Water leſs fluid, notwithſtanding the great Preſſure from 
above. Mr. Boyle having cauſed a Tadpole to be put into a 


Veſſel of Water, and to be preſſed with a very great Force, tells 


us, that in Appearance it found no Inconvenience from thence, 


but ſwam about with the ſame Freedom and Briſkneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 
Contact with each other, or not? Perhaps, they are prevented 


from approaching, nearer than to a certain Diſtance, by a re- 


pelling Power, diffuſed around cach ſingle Particle. The Ob- 


| ſervation, that Water is not render'd leſs fluid by Preſſure, ſeems 


to favour this Opinion; and the Property, which the Air has of 


expanding or contracting itſelf, according to the Weight which 
it ſuſtains (as ſhall be ſnewin, Chap. 3.) proves beyond Contra- 
_ diction, that its Particles are endued with ſuch a Power. But 


then if the Particles of all Fluids have this Power, it will follow 


that they ought to be in ſome Meaſure capable of being reduced 


into leſs Space by Preſſure, as Air is; which they have not as 
yet been ſhewn to be. Further, fince it has been proved (Part 


1 Chap. 3.) that if the Parts of Fluids are placed juſt beyond 
their natural Diſtances from each other, they will approach and 
run together, and if placed farther aſunder ſtill, will repel each 


other; it follows, upon the foregoing Suppolition, that each 
A 2 | 


Particle 
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ſhould move with ſuch Freedom one among 
another, upon the leaſt Inequality of Preſſure. 
III. Thoſe Particles, conſidered ſeparately, 
are endued with all the common Properties 
of Matter, and ſubject to the ſame Laws of 

19 58 Motion 


Particle of a Fluid muſt be ſurrounded with three Spheres of 
Attraction and Repulſion one within another: the innermoſt of 
which is a Sphere of Repulſion, which keeps them from ap- 
preaching into Contact; the next, a Sphere of Attraction dif- 
fuſed around this of Repulſion, and beginning where this ends, 
by which the Particles are diſpoſed to run together into Drops; 
the outermoſt of all, a Shere of Repulſion, whereby they repel 

each other, when removed out of that Attraction. 15 
Now, if this Eypotheſis ſhould be found to be true; and we 
might, agreeably to the above-mentioned Conſequence of it, 

ſuppoſe, that the Particles of all Bodies attract and repel each 
other alternately at different Diſtances, perhaps we might be 
able to ſolve a great many Phenomena relating to ſmall Bodies, 
which now lie beyond the reach of our Philolophy. However, 
upon the Suppoſition of the three Spheres of Attraction and Re- 
pulſion juſt mentioned, nothing is more eaſy, than to ſee how 
Solids. may be converted into Flu'ds, and Fluids into Solids (as 
is done in Liquefaction and Freezing ;) for allowing, that the 
firſt or innermoſt Sphere of Repulſion is capable, like that of 
the Particles of Air, of being augmented by Heat, and dimi- 
niſhed or totally ſuſpended by Cold, it follows that Bodies muſt 
be more or leſs fluid, in Proportion to the Degree in which 
they are affected by Heat or Cold: for when the Action of the 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, the 
Particles of the Fluid muſt neceſſarily be brought into cloſer 
Contact with each other by the Force of the circumambient 
Attraction, and by that means conſtitute an harder Body than 
before. But, we muſt not dwell too much upon an Hypotheſis 
which wants Proof; I ſhall only add, that altho' ſome Fluids, 
as Water, have not been as yet contracted in their Dimenſions, 
or made to take up leſs Space than they naturally do, by any 
Force with which they have been compreſſed by Art; yet there 
are none but are naturally contracted by Cold, from whence it 
ſeems reaſonable to infer, that their Particles are at leaſt capable 


of being brought into cloſer Contact, which is ſome Confirma- 
tion of this Doctrine. | 


he 
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Motion and Gravitation with larger Bodies. 
To enquire therefore into the Nature of Fluids, 
is to conſider, what Appearances a Collection 


of very ſmall round Bodies, ſubject to thoſe 


Laws, will exhibit under different Circum- 


Janos In order to which, it is uſual with 


 Hydroſtatical Writers to e a Fluid, as 


divided into ſeveral perpendicular Columns 
contiguous to each other. Sometimes it is 


convenient to conceive it divided into thin 


Plates or Strata lying upon one another. In 


ſome Caſes, the ſame Fluid is conſidered, as 
diſtinguiſhed both theſe Ways, viz. into per- 


pendicular Columns, and alſo into thin Strata 
or Plates. Figure 1. repreſents a Veſſel filled 


with a Fluid to the Height EF, and divided 


into the Columns GH, IK, LM, &c. and alſo 
into the Strata RS, TV, XV, Se. 

IV. From this Obſervation, concerning the 
Properties of the Particles conſidered ſeparate- 


ly, immediately reſults the following Propo- 


ſition, viz. that in a Veſſel, whoſe Form is 
ſuch as repreſented by ABCD, (Fig. 1.) the 
Quantity of Preſſure, Which each Stratum ſuſ- 
tains from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


11 is an obvious Ob: 3 to this, that Water by freezing is 


augmented in its Bulk; but this may be owing to thoſe Bubbles 


or Vacuities, n in the Water after it is frozen, which 


were not in it before; and not to any general and uniform Re- 
moval of the Particles of the Fluid from each other, which the 


Objection, if it is of any Force 8 what has been advanced, 
muſt ſuppole. 


Strata, 
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Strata, which reſt upon it, that is, as the Height 


of the Surface of the Fluid above it; for if 


we ſuppoſe the Strata of equal Thickneſs, the 


Quantity ſuſtained is proportionable to the 
Number of Strata of which it conſiſts. 

V. When the Surface of a Fluid is horizon- 
tal or level, each Particle thereof is diſpoſed 
to continue in its Place, being ſuſtained there- 
in by the contiguous ones. 

Let the Fluid be ſuppoſed to be divided 
into Strata, each of the Thickneſs of a Parti- 
cle of the Fluid; and if the Truth of this 
Propoſition be i let the Particle nn be 


one of thoſe which is not ſuſtained in its 


Place by the contiguous ones, but is moving 


from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, fince all the 


other Particles of - that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Preſ- 


fure (by the laſt Propoſition,) conſequently for 


the ſame Reaſon that one of them is moving 


towards D, the reſt may all be ſaid to be 


moving in the ſame Direction: but this can- 
not be true of the whole Stratum, while the 
Veſſel is entire, and therefore of none of its 


Parts. Now, the like Reaſoning will hold a- 
gainſt the Motion of the Particle n towards 
any other Part of the Veſſel; from whence it 


follows, that each Particle of the Fluid 1s 


ſuſtained in its Place by the contiguous ones, 
and 
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and therefore diſpoſed to continue at Reſt.* 

VI. From hence is derived a fundamental 
Propoſition in Hydroſtatics, viz. That when 
the Surface of a Fluid is level, whatever Preſ- 
ſure any fingle Particles or ſmall Portion of it 
ſuſtains from the contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt; that 


is, it is preſſed by them with an equal Degree - 
of Force on all Sides 


For, by the Definition of the Fluid (8. 2.) 


each Pariicle is diſpoſed to give Way, and 
move out of its Place, when the Preſſure is 
not equal on all Sides; and (J. 5.) each Par- 


ticle is preſſed by the contiguous ones in ſuch 


a Manner, that it is ſuſtained in its Place there- 
by; it is therefore preſſed with an equal De- 


gree of Force on all Sides. 


Corel. From hence it follows, that each 
Particle or. ſmall Portion of a Fluid prefles 
with the fame Degree of Force in all Direc- 


tions.on thoſe which are contiguous to it. 


For,' by the third Law of Nature, every Par- 
"WP This ſhews us the Abſurdity of ſome Philoſophers, who 


make the Nature of a Fluid, as contradiſtinguiſned from that 
of a Solid, to confiſt ſolely 1 in the inteſtine Motion of its Particles. 


+ This Propbiticn, with its Corollary, is not ſtrietly ſpeaking 
true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 


| poſed void of Gravity, for it preſſes downwards with a Force 


equal to the Weight of thoſe Particles which reſt upon it, ad- 
ded to its own; ' whereas the Force with which it preſſes up- 
wards is only equal to the Weight it ſuſtains, vix. that of the 


incumbent Fluid. But the Particles of Fluids are ſo exceedingly 


minute, and the Gravity of each ſo Youu ſmall, that the Error 
ariſing from hence is inſenfible. 


RAY 
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ticle preſſes upon the contiguous ones with 


the ſame Degree of Force, with which it 1s 
preſſed · upon by them. | HE 


VII. The Surface of a Fluid becomes level 


by its own Gravity, when no external Force 
prevents it being ſo. 


For, the Particles of Fluids preſs in all Di- 
rections with Forces proportionable to the 
Height of their Surfaces (Cor. F. 6. and F. 4.) 
If then the Surface be not level, the different 
Parts of the ſame inferior Stratum will be 
preſſed not only downwards, but ſideways a- 
gainſt each other with unequal. Forces; the 
greater Preſſure therefore overcoming the weak- 
er, the Particles which ſuſtain the leaſt Preſ- 


ſure, will be driven out of their Places and 
raiſed up, till the Surface becomes level ; the 
Surface being level, each Particle will be e- 


qually preſſed in every Direction, (F. 8.) all 


therefore will remain at Reſt, and the Surface 
continue in that State “. 


vil. 


* This Demonſtration, and alſo both the foregoing, are 
founded upon a Suppoſition, that Bodies tend downwards by 
their Gravity in Lines parallel to each other, which though 
phy/ically true, is not ſtrictly ſo, their Tendency being towards 
the Center of the Earth, and conſequently in Lines which meet 
in a Point : and therefore, if we would be accurate, the Fluid 
contained in a Veſſel ſhould be conſidered, as divided into Co- 
lumns and Strata, as repreſented Figure the ſecond, where ABD 
is the Earth, C its Center, EFGH a Fluid contained in a Veſ- 
ſel, and divided into Columns, which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and into the concentric Strata, ab, cd, &c. having the Center 
of the Earth for the Center of their Convexity. And Bey bo 

_m_ ou 
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VIII. Fluids gravitate in Fluids of the 
e 


This Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 
of the Particles of which Fluids conſiſt, vis. 
that they are ſolid, and endued with the ſame 
Properties with other Bodies. The Reaſon 
why their Gravity is not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 


does not follow from thence, that the Gravity 
of the uppermoſt is entirely taken away, as 


ſome * Philoſophers have imagined ; for, as 


ſhould find that the Particles of the Fluid will not be in Æqui- 


librio with each other, till all the Parts of its Surface are at 


equal Diſtances from the Center of the Earth, forming thereby 


the Surface EF, concentric to that of the Earth. For, ſup- 
poſing the Fluid EFGH continued down to C, ſo as to fill the 
Space ECF ; it is evident the Columns, into which the Fluid is 
divided, cannot be of cqual Lengths, and therefore cannot be of 
an exact Counterpoiſe to each other, . unleſs the Surface EF is a 
Portion of a Sphere, whoſe Center is C: but the Action of the 
Parts of- the Fluid upon each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not, Conſequently 


the Surfaces of Fluids are not level or plain, but convex, Having 


the Center of the Earth for the Center of their Convexit ). 

This Convexity, by Reaſon of the great Diſtance of the 
Earth's Center, approaches ſo near to a Plane, that in ſmall 
_ Portions of it, the Difference is not ſenſible, and therefore may 


be neglected: but at Sea, tis evident to Senſe ; for when the 


Mariners put to Sea, the Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, &c. in like 
Manner, when they approach a diſtant Ship, the Top of its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepted 
from their View, by the Convexity of the Water between them. 
This was the Notion of the Carteſians, who held, that 
when a Fluid is mixed with another of the ſame Kind, it loſes 
its own Weight thereby. 5 


B much 


2. 
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much as the lower Parts preſs againſt the upper 
in ſuſtaining them ; juſt ſo much do the upper 
by their Re action prels upon the lower. Thus, 
the Weight of the whole Fluid is communi- 
cated. to the Veſſel, which therefore weighs 
according to the Quantity i it contains, notwith- 
ſtanding the Preſſure of each Portion of the 
Fluid, taken ſeparately, ſeems not to affect it. 
IX. The Preflure of a Fluid is in Propor- 
tion to its perpendicular Height, and the Quan- 
tity of Surface againſt which it preſſes. 

This Propoſition admits of four Caſes. 

1. When the Fluid is contained in a Veſ- 
{e] of the ſame Dimenſions, from Top to Bot- 


tom, and held in an erect Poſition, as that 


repreſented Fig. 1. it is evident, the Preſſure 


of the Fluid upon the Bottom will be in Pro- 
portion to its Magnitude, and the perpendicu- 


avi Height of the Surface of the Fluid above 
it. For, conceiving it divided into Columns, 
jd Preſſure upon the Bottom, by the fourth 
Propoſition, will be as the Length or Height 
of the Caan and it will alſo be as the 
Number of them, becauſe the Quantity of 


Fluid, which preſſes upon the Bottom, is in 
that Proportion, that is, as the Magnitude of 


the Bottom preſſed upon. But when the Veſ- 
ſel is inclined or irregular, the Truth of this 
| Propoſition | is ſo far from being evident, that 
it has been ace looked upon as a Pa- 
6 redox. 6 
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2. Let the Veſſel ABCD (Fig. 3.) be filled 


with a Fluid to the Height EF, abe held in 
an inclined Poſition, as there repreſented; I 


ſay, the Preſſure of the Fluid is proportion- 


able to the Magnitude of the Baſe CD, and 
FG or HD the perpendicular Height of the 
Surface of the Fluid above it. 

For ſuppoſing the Fluid divided into the 
Strata EI, KM, LO, Sc. fo far, as the firſt 
Stratum EI is prevented from preſſing upon 
KI the Surface of the next inferior Stratum, 
by being in ſome Meaſure ſupported by the 

Side of the Veſſel FI, ſo far is its Preſſure 
augmented by the Re-action of the oppoſite 


Side EK upon it, which is exactly equal to 
the Action of the former, becauſe the Fluid 


preſſing every Way alike, at the ſame Depths 
below the Surface, exerts an equal Force a- 


gainſt both theſe Sides. The Surface there- 
fore of the ſecond Stratum is preſſed with the 


ſame Degree of Force with which it would be, 
if the Quantity of Fluid contained in the for- 


mer Stratum was included within the Space 


HEK QI, which is exactly equal to it, as having 


the ſame Baſe KI, and the ſame perpendicular 
Height OI *. Now, this being true of each 


Stratum, their Preflure upon CD the Baſe of 
the Veſſel is the ſame, as if they were all 


oy placed perpendicularly over it, and filled the 
| Space RHCD ; which they would do, ſince 


* 31. {of OR | 
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the Sum of their perpendicular Height QI, KS, 
LT and NV are equal to HD the perpendicu- 
lar Height of this Space, and each of their Ba- 
ſes KI, LM, Sc. is equal to CD its Baſe . 
But, by the foregoing Caſe, if the Space 
RH CD was filled with a Plaid, the Preſſure 
of it would be proportionable to the Dimen- 
ſions of the Baſe CD, and the perpendicular 
Height DH, therefore it is the ſame in the in- 
clined Tube ABC DJ. * ei 25 nr: 
3. Let the Veſſel ABC obe irregular, as 
repreſented Figure the fourth, and filled with 
Fluid to the Height D, I fay, the Preſſure 


of the Fluid upon the Baſe C, is proportion- 


able to the Magnitude of the Baſe, and CD 
the perpendicular Height of the Surface of the 


I Perhaps it may be thought more Geometrical,” to demon- 
ſtrate this Propoſition with the Generality of Authors from the 
Property of the inclined Plane. They conſider AD the lower 
Side of the Tube, as an inclined Plane, on which the. Fluid 
contained within it reſts, and argue that it loſes thereby a Part 
of its Weight in Proportion to the Length of the Plane, and 
therefore occaſions no greater Preſſure upon the Baſe, than if 
the Veſſel was held erect, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
proves too much, for by this Way of Reaſoning, one might 
ſnew, that the Preſſure of the Fluid EFCD upon the Baſe CD 
is leſs than the Preſſure: of RHCD a Column of the ſame Fluid 
Having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column contain 
the ſame Quantity of Fluid, upon Account of the Equality of 
their Baſes, and perpendicular Heights; but that reſts upon an 
| inclined Plane, which this does not, and therefore preſſes leſs 
upon the Baſe. But this is contrary both to Demonſtration and 
Experience, the Argument therefore proves too much. 
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Chap. 1. among themſelves. . 15 
In order that the Proof of this Propoſition 
may be the better underſtood, we muſt pre- 


mile the' following Lemma, v1z. 


That when a Fluid paſſes through a Pipe, 


'< AB, (Fig. 5.) which in ſome Parts is larger 


than'in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while the Fluid is paſſing through the Tube, 
its Velocity in every Part will a reciprocall: 

as the Quantity of Matter; for Inſtance, it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through C at any Inſtant 
of Time, is leſs than at D, and fo of the reſt ; 


becauſe a leſs Quantity would be conveyed 

through the fmaller Parts of the Tube in the 
ſame Time, unleſs it ſhould move faſter there 

in Proportion to the Smallneſs of them. 'Now 
the Momentum of Bodies is partly owing to 


the Quantity of Matter, and partly to the Ve- 


locity; (as [exphibnd Part 1. Chap. 9. F. 1.) 


conſequently what the Fluid, which is act 


paſſing through the narrower Parts of the 


Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and What it wars 


in Point of Velocity in the other Parts, 


made up by the Quantity paſſing through 
them; ſo that the Moment is the ſame in every 


Part of the Tube, whether larger or nar- 
rower *. The ſame 1s true, whatever be the 


Potion the Tube! 18 held in. | 
Let 


* * Thus, we may obſerva in a River -or Canal, that by how 
much the Breadth or Depth is leſs in any Part, ſo much the 
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16 The Aion of Fluids Part. II. 

Let us now conceive the Fluid in the 
Veſſel ABC (Fig. 4.) to be diſtinguiſhed in- 
to the Strata EF, GH, IK, Sc. Tab us alſo. 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding mac and 
down the narrow Part of the Veſſel, v. g. 
from C to GH, (without letting any of the 
Fluid run out.) Let it further be ſuppoſed 
that this moveable Bottom, is drawn up or let 
down with a given Velocity, while the Veſ- 
ſel itſelf is fixed and immoveable; it is evi- 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 


tains: But by the Lemma, all the reſt of the 


Strata will . the ſame Moment, conſe- 
quently the Moment of all taken together, 
(that is, of the whole Fluid,) is the ſame, as 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then' the 
Moment of each Stratum ' would alſo have 
been as great as that of the lowermoſt;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
ae, Wan i che perpendicular Height of the 


more rapid 18 the Stream in that Part ; and on the contrary, 
| where it is wider and deeper, the Motion of the Water is more 
gentle and languid. So that the e with which it flows, 
18 the lame! in every Part, 

Fluid, 
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Chap. 1. among themſelves. 1] 7 


Fluid, and the Magnitude of the lowermoſt 


Stratum, that is, the Bottom. . 
Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
fill'd with a Fluid to D; I fay the Preſſure 


upon the Bottom BC, is proportionable to the 


Dimenſions of the Bottom, and to DE the 
perpendicular Height of the Fluid. 


For, if we ſuppoſe the Bottom moveable, 


as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stra- 
tum will be the ſame with that of the lower- 
molt, by the Lemma; therefore the Moment 


of all taken together, is the ſame, as if the 


Veſſel had been no leſs in any one Part, than 
it is at the Bottom; conſequently the Preflure 


is proportionable to the perpendicular Height, 
and the Magnitude of the Bottom. 'This Caſe 


is the Converſe of the former*. 


From 


* Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, &c. For from hence it 


follows, that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 


the other End with its Surface in the Reſervoir. Thus let 


ABC (Fig. 8.) repreſent a Reſervoir or Baſon of Water, DGE. 


a Pipe laid from thence to E If E the End of the Pipe is pla- 
ced above the Line ABF, the Level of the Water in the Reſer- 


voir, the Water will run into the Pipe, till it riſes in the 
other End to F the Level with AB; at which Time the Water 
in the Pipe will be in Zquilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 


Surface of the Water in the Reſervoir, it will continue to run 


out, till they are reduced to a Level. For, let GH be the lo W- 


eſt Part of the Pipe, then ſince F the perpendicular Height of 
the Fluid on one Side, is equal to B the perpendicular Height 


| of the Fluid on the other, and GH, which (being the Place 


where 


114 


18 The Action of Fluids Part II. 


From hence it follows, that, if a Veſſel is 
made of ſuch a Form, as is repreſented ( Fig. 7.) 
by ABCD EF, and filled with a Fluid to 
the Height C, the Weight which the Bottom 
ſuſtains, is as great as it would be, had the 
Veſſel been IKFG (which is every where of 


the ſame (Dimenſions, that the other is of at 


the Bottom) and filled to the Top IK. Be- 


cauſe the Preſſure, by the Propoſition, is pro- 


portionable to the Bottom and perpendi- 
cular Height, which in both Caſes are the 
Gap 4, a bes 


X. The 


where the Fluids preſs one againſt another) may be conſider d 
as a Baſe to both, is common; it follows from this Propoſition, 
that the Preſſures on each Side are exactly _ and therefore 
being in contrary Directions will neceſſarily deftroy each other, 
and the Fluid will remain in Æquilibrio. But while the End 


E is below the Level, this Æquilibrium cannot be obtained; 


and therefore the Fluid will continue to run out. | 

For the ſame Reaſon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain will 
ſtand at the ſame Level in all. 


* The Reaſon why the. Veſſel ABCDEFG, within the Fluid 


contained in it, does not weigh ſo much, as the Veſſel IKFG, 
when full to the ſame Height, notwithſtanding the Preſſure up- 
on the Bottom is the ſame in both, is, becauſe ABDE the up- 


per Part, or Cover of the former Veſſel, is preſſed upwards by 


the Fluid below it, with a Force equal to the Endeavour the 


Fluid in the ſmall Tube BCD has to deſcend. Which Endea- 


vour is the ſame that it would be, if the Tube BCD compre- 
hended alſo the two Spaces ICBA and CKED, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Cover 
therefore is preſſed upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces ICBA and 
CKED; conſequently the Veſſel, whoſe Form is ABCDEFG, 


is ſo much lighter than the other, that is, as much as the Fluid 


it contains is leſs, | 
From 
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Chap. 1. among themſelves. 19 
X. The Velocity, with which a Fluid ſpouts 
out at an Hole in the Bottom of a Veſſel, is 
equal to that, which a Body would acquire 
by falling freely from the Level of the Surfac 
of the Fluid to the Hole. 3 
Loet there be a large cylindrical Tube 
ABCD (Eg. 9.) in the upper Part of which 
let us imagine a Cylinder of Ice FGHI ex- 
actly fitting it; let it further be ſuppoſed, that 
HI, the lower Surface of the Ice, is continually 
melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
ceſſarily be ſuch, as is repreſented in the Fi- 
gure by HLI; for the Water falling freely 
will deſcend faſter and faſter like other Bodies, 
cauſing thereby the Stream to become nar- 
rower and narrower. Now, let it be ſuppo- 
ſed, that the Tube has a Bottom, as CD, with 
an Hole in it at K, juſt ſufficient to let the 
Stream pals freely; it is evident, there will be 
no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, that the leaſt Quantity of 
Fluid may be made to raiſe any Weight how great ſoever 
it be. ; 5 

Far ſince the Cover ABDE is preſſed upwards with a Force 
equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
at Pleaſure in Height, by lengthening the Tube BCD (which 
at the ſame Time muſt be made proportionably ſmaller, other- 
wiſe the ſame Quantity of Fluid will not fill it;) it follows, 
that the ſame Quantity of Fluid may be made to preſs the Co- 
ver upwards with a given Force; if that Cover then is made 

moveable, any Weight that is laid upon it may be ſupported 


thereby. 
C | 5 Fluid 


20 The Action of Fluids Part II. 
Fluid will paſs through the Hole with ſuch 
Velocity, as it naturally acquires by falling 


from HI, the lower Surface of the Ice. And 


if we ſuppoſe M and N, the empty Parts of 
the Tube, to be filled with Water, the Water 
will preſs equally upon the Sides of the Stream 

in every Direction (F. 6.) and therefore will 
be no Impediment to its Motion on that Ac- 
count. Laſtly, let us ſuppoſe the Ice taken a- 


way, and the Stream ſupplied from the Wa- 


ter at the Sides, as is the Caſe when a Fluid 
runs out through the Bottom of a Veſlel ; then 
will the Velocity, with which the Water flows 
through the Hole, continue the ſame; for fo 
far as the Water coming from the Sides, en- 


deavours to deſcend itſelf, ſo far it obſtructs 


the Deſcent of the Stream, and no farther; 


and conſequently cauſes no Alteration in the | 


Velocity or Quantity of Fluid running out. 
The Velocity therefore, with which the Fluid 
paſſes through the Hole, is equal to that, 


which a Body would acquire by falling freely 
from the Level of the Surface of the F luid 


to that Place. 


If the Hole is made in the Side of the 
Veſſel at the ſame Diſtance below the Sur- 
face, the Velocity will be the ſame, on Ac- 


count of that equal Tendency Fluids have to 
move every Way ane. 


1 The ü 


95 Upon this Principle is founded the Practice of making 
artificial Fountains. For if to a Veſſel or Reſervoir ABCD, 


(Fig. 10.) filled with a Fluid to the Height EF, be — 0 
8 Pipe 
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XI. The Velocity, with which a Fluid 


ſpouts out from the Bottom or Side of a Veſ- 
ſel, is as the ſquare Root of the Height of its 
Surface above the Hole &. . 
The Cauſe, why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
ſel, is the Preſſure or Weight of the Fluid in- 


cumbent upon the Hole; from whence it 


ſhould ſeem, that the Velocity ought to be 
as the Preſſure; but if ſo, then the Quantity 
Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 


from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 


ſuch a Velocity, as a Body would acquire by falling from FL, 


the Level of the Surface, to the Aperture at K; that is, ſuch as 
will carry it from the Aperture to the Level; becauſe that 
Velocity which a Body acquires by falling from a certain 
Height, is ſufficient to carry it back to the ſame Height from 
„% ECT, | Fees 
But in Practice the Height the Fluid riſes to, is leſs than 
that of the Level of its Surface in the Reſervoir : this is ow- 


ing to the Reſiſtance it meets with from the Air, its Friction 


againſt the Sides of the Pipe, &c. It is found impoſſible to 
make it much exceed the Height of an hundred Feet: For, 
when it ſpouts out of the Aperture with a Velocity neceſ- 
ſary to carry it higher, the Stream is immediately daſhed 


to Pieces by the Reſiſtance of the Air; whereby it loſes 


its Force, and is prevented from riſing to any conſiderable 
Height. 


* 'This Propoſition may be otherwiſe demonſtrated from 


the laſt, in the following Manner. For, ſince the Velocity 
with which a Fluid ſpouts out through an Hole in the Bot- 


tom or Side of a Veſlel, is equal to that which a Body would 

wo of the Surface of the Fluid 
to the Hole, and the Velocities Bodies acquire by falling are 
as the ſquare Roots of the Heights they fall from (Part I. 


Chap 5. F. 5.) it follows, that the Velocity, with which a 
Fluid ſpouts out from an Hole in the Bottom or Side of a Veſ- 
| fel, is as the ſquare Root of the Height of the Level of the 


Surface of the Fluid above the Hole. 
| C 2 run 


22 The Action of Fluids Part II. 
run out would alſo be as the Preſſure (for, 
the faſter the Liquor flows, the greater is the 

Quantity thrown out in a given Time, and 
vice vera) conſequently, upon this Suppo- 

ſition we ſhould have two Effects, each de- 

pending on the ſame Cauſe and equal to it, 
which is abſurd. Tis not then the Quantity 
of Fluid run out, nor the Velocity with which 
it flows, but its Moment, or both theſe mul- 
tiplied together, (Part I. Ch. g. F. 1.) that is 
the true and adequate Effect of the Preſſure. 
Now theſe being ever in the ſame Ratio 
with each other, tis neceſſary, in Order that 
the Effect may be proportionable to its Cauſe, 
that each of them be only as the ſquare Root 
of the Preſſure: For then, being multiplied 
together, their Product, or the Moment of the 
ſpouting Fluid, is adequately as the Preſſure 
which occaſions it; but the Preſſure is as the 
perpendicular Height (F. 4.) therefore the Ve- 
locity, and alſo the Quantity of Fluid ſpout- 
ing out, is only as the ſquare Root of the 

Height of its Surface above the Hole. 

Iuo give an Inſtance or two; ſuppoſe two 
| Holes made in the Side of a Veſſel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches; the Velocity with which 
the Liquor flows out of the lower Hole, will 
not be four Times as great, as that with which 
it flows through the upper, notwithſtanding 
the Preſſure is four Times greater: For if it 
ſhould, the Quantity run out in a given Time 

TED | would 
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would alſo be four Times greater, conſequent- 


lvy the Effect produced would be ſixteen Times 


greater than it is at the upper Hole, that is, 
four Times greater than the Cauſe; which is 
abſurd. Whereas the Velocity and Quantity 


of Matter will each be only twice as great as 


they are above, producing thereby a Force or 
Moment only four Times as great, which is 
proportionable to the Cauſe. So, if an Hole 
were made fixteen Times lower than the firſt, 
the Velocity and Quantity of Matter will not 
be each ſixteen Times greater than at the 


other, but only four Times greater a-piece, and 


fo the Moment ſixteen Times greater, as the 
Preſſure is *. | = 
F XII. When 


* From hence, we may ſee the Error ſome of the foreign 


Mathematicians have fallen into with Regard to the Forces 


of moving Bodies, who contend that they are as the Squares 
of the Velocities multiplied by the Quantities of Matter. 


For, from this Propoſition it is, that one of the principal. Ar- 
guments brought in Favour of this Opinion is F fx o They 


argue thus, Effects are ever proportionable to their Cauſes, 


the Preſſure of the incumbent Fluid is the Cauſe of its ſpout- 
ing out, the Force with which it ſpouts out, is the Eyect; 


but by this Propoſition the Preſſure is as the Square of the 
Volocity it flows with, therefore the Force is hkewiſe as the 


Square of the Velocity. True, it is 10; but let us ſee the Con- 
ſequence. The Force, with which the Fluid ſpouts out, is 
not only owing to the Velocity, but alſo to the Quantity run out 
in a given Time. They have each their Share in producing 


the Force, conſequently the Force is in a Ratio compound- 


ed of both, or as the Product of one multiplied by the 


— other, or, which comes to the ſame Thing, (ſince as was 


obſerved before, they are in the ſame Ratio with each other) 


Als the Square of either of them. From hence it is that the 
PFPorces of Fluids in Motion are ſaid to be as the Squares 
of their Velocities; not that they are ſo in Virtue of thoſe 


Velocites 
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XII. When a Current of Water, or other 
Fluid falls, perpendicularly upon the Surface 
of a Plane, or flows againſt it, (as the Wind 
againſt the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, is equal 
to the Weight of a Column of the ſame Fluid, 
whoſe Baſe is equal to the Plane, and its 
Height ſuch, that a Body falling freely through 
it would -acquire a Degree of Velocity equal 
to that with which the Fluid moves *. _ 
In Order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel ABCD (Hg. 11.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated {. 10.) 


Velocities, as ſuch, but in Virtue of them, and the Quanti- 
ties of Matter taken together, or becauſe the Squares of the 
Velocities is the ſame Thing with the ſimple Velocities mul- 
tiplied by the Quantities of Matter. Therefore when it 
is ſaid, the Forces of Fluids are as the Squares of the Ve- 
locities, that Part of the Force which ariſes from the Quan- 
tity of Matter is really taken into Conſideration. How r1- 
diculous then muſt it be in thoſe Gentlemen to fetch an 
Argument from hence to prove, that the Forces of Bodies in 
Motion are as the Squares of the Velocities and Quantities of 
Matter too, when they are as the Squares of the Velocities, 
only becauſe the Quantities of Matter are implied in them. 

* From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind 
or Water, Cc. See an Inſtance of ſuch a Calculation in the 
Memoirs of the Royal Academy of Sciences for the Year 


1725. 
In 


| In the midſt of this Hole, and conſequently 
in the Stream, let us ſuppoſe a Plane as P 


to fill the Hole, leſt it ſtop the Current of 


| Veſſel : Conſequently this Plane ſupports ſuch 
a Column, that is, it is reſiſted by the Stream 
with a Force equal to the Weight of a Co- 
lumn, whoſe Baſe has the fame Dimenſions 
of the Surface of the Fluid in the Veſſel, that 


from, would acquire a Velocity equal to that 


or great Lakes is as eafily kept within their Banks (ſetting 


1 a0 hes *, he 6 i 
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ſuſpended, but ſomewhat leſs than is ſufficient 


the Water. Now, tis certain, this Plane ſup- 
ports a Column of the Fluid, equal to that 
which preſſes upon any other Part of the Bot- 
tom of the Veſſel of equal Dimenſions with 
itſelf (for being thus placed it may be look- 
ed upon as a Part of the Bottom) but every —_ 


Part bears a Column, whoſe Baſe is equal to 


its own Dimenſions, and its Height the ſame d 
with that of the Surface of the Fluid in the 


with itſelf, and whoſe Height is equal to that 
is, ſuch an Height as a Body by falling freely 


with which the Fluid moves. | 
XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, &c. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is be- 
low the Surface of the Fluid, and whoſe Height 
is equal to half the Depth of the Fluid *. 


IT 


* From hence we ſee the Reaſon, why the Water of the Sea 


aſide the Force which ariſes from the Motion of the Waves, 


Sc. 
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If the Preſſure upon every Part of the Bank 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to fo much of the Bank 
as is under the Surface of the Fluid, and 
which has the whole Depth of the F Juid for 
its Height ; for the Preflare upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whoſe Baſe correſponds | 
to the Part preſſed upon, and whoſe Height is 
that of the Depth of the Fluid ; conſequent- 
ly if the Preſſure was the ſame every where 
from Top to Bottom, it would be equal to 
the Weight of as many ſuch Columns as would 
anſwer to all the Parts of the Bank: But the 
Preſſure every where diminiſhes in Proportion 
as we approach the Top, where it is Nothing; 
it is therefore but half * what it would bein 
the other Caſe ; from whence the Propoſition 
is clear. 


Gr) as that of the narroweſt Canal, viz. becauſe the Preſſure 
of Fluids is not in Proportion to their Surfaces, but their 
Depths, and the Surfaces they preſs againſt. 

* Becauſe the Sum of a Number of Terms in Arithmetical 
Progreſſion beginning from Nothing, is half the Sum of an 
equal Number of Terms, each of which is equal to the laſt in 
| the Progreſſion. = 
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SHA P. II. 
. the Effects Fluids have - on Solids 


immerſed therein. 


* H E Specific Gravity of a Body is that 


by which it is ſaid to be heavier, or 
lighter than another of a different Kind: Thus 
Lead is ſaid to be ſpecifically heavier than 
Cork; becauſe ſuppoſing an equal Bulk of 
each, the one would be heavier than the other. 
From hence it follows, that a Body, ſpecifi- 


_ cally heavier than another, is alſo more denſe, 


that is, contains a greater Quantity of Matter 
under the ſame Bulk, becauſe Bodies weigh 


in Proportion to the Quantities of Matter they 
contain (Part I. Chap. 3. (. 7.) 


II. If a Solid be 3 in a Fluid of 


the ſame ſpecific Gravity with itſelf, it will 


remain ſuſpended therein, in whatever. Part 
of the Fluid it 1s put. 


Let the Body FGHI (Fig g. 12.) be im- 
mer ſed in the Fluid ABCD to the Depth MN, 


or any other whatever; I ſay, it will continue 
in the ſame Part of the Fluid, when left to it- 
ſelf, without either riſing towards the Surface, 
or ſinking towards the Bottom. 


For, the Body being (by the guppoſition) of 


equal Gravity wich the Fluid, the Weight of 
the Column KLHI, which conſiſts partly of 


__ Fluid, 
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Fluid, and partly of the Body, is the ſame as 
if it had been all Fluid; conſequently HI, that 
Part of the Surfice of the Stratum MN, which 
lies immediately under the Body, is preſſed 
with the ſame Degree of Force, that any other 


Part of the ſame Dimenſions is, and there- 


fore the whole Column KLHI will be ſup- 
ported in its Place. Now, the ſame being 
true of the Column KLHI, whatever be its 
Length, tis evident the Body will be n 
ed in its Place at any Deptn. 

III. But if the Body is ſpecifically heavier 
hath the Fluid, in which it is immerſed, it 
will ſubfide to the Bottom : For then, in what- 
ever Part of the Fluid it is put, the Column 
KLHI will always be heavier than an equal 


Column, that conſiſts all of Fluid; conſequent- - 


ly HI, that Part of the Stratum MN, which 
lies immediately under the Body, will ſuffer 
a greater Preſſure, than any other Part of the 
fame Dimenſions ; and therefore will give way, 


and permit the Body to ſubſide Dy, 


4 till it reaches the 8 
IV. On the contrary, if the Body is ſpeci- 
fically lighter than the Fluid, it will riſe to 


the Top, in what Part of the Fluid ſoever it 
is put. For then, the Column KLHI will 


always be lighter than an equal Column 
which is all Fluid; conſequently HI will be 
leſs preſſed downwards, than any other Part 


of the ſame e of REP Dimenſions, and 


will 
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will therefore continually riſe up, carrying the 
f Body with it, till it arrives at the Top. 
A Body, being laid on the Surface of 
a Fluid ſpecifically heavier than itſelf, ſinks 
into it, till the immerſed Part takes up the 
Place of a Quantity of Fluid, whoſe Weight 
is equal to that of the whole Body. 
Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, 
it will fink into it, till the immerſed Part 
IKGH takes up the Place of ſo much Fluid 
as is equal to it in Weight. For, in that Caſe, 
GH, that Part of the Surface of the Stratum 
upon which the Body reſts, is preſſed with 
the ſame Degree of Force, as it would be, 
was the Space IKGH full of the Fluid; that 


is, all the Parts of that Stratum are preſſed . 
alike, and therefore the Body, after having 


ſunk ſo far into the Fluid, is in Equilibri 


with it, and will remain at Reſt. 
From hence it follows, that a Body is as 


much ſpecifically lighter, than the Fluid on 
which it floats, as the immerſed Part is leſs 
than the Whole. For, by how much the leſs 
the immerſed Part is, ſo much the leſs Fluid 


is equal in Weight to the whole Body; that 
is, the Body is ſo much the lighter in Reſpect 


of the Fluid. And, if the ſame Body be made 
to float ſucceſſively in Fluids, whoſe ſpecific 


Gravities differ among themſelves, (but all ex- 
ceed that of the Body,) the lighter the Fluids 
Dp D 2 are 
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are, ſo much greater will be the Part im- 
merſcd x. 


VI. A Body, fuſpended in a Fluid ſpect- 


fically lighter than itſelf, loſes a Part of its 


Weight {or rather communicates it to the 


Fluid) equal to that of a Quantity of Fluid of 


the ſame Bulk. 

Let us, inſtead of ſuppoſing the Body ſuſ- 
pended in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now 'tis 
evident, this being of the ſame ſpecific Gra- 
vity with the circumjacent Fluid, will be en- 
tirely ſupported by it, or, if we ſuppoſe the 
Body to be of the ſame ſpecific Gravity with 
the Fluid, it will be wholly ſuſpended by it; 


we ſee thiefote the Preſſure of the circnm- 


ambient Fluid, whereby it endeavours to buoy 


up the Body, is equivalent to the Weight of 


fo much Fluid, as would fill the Place the 
Body takes up. But, fince the Fluid preſſes 
only on the Surface of the Body, that Preſ- 
ſure is the ſame, whatever be the ſpecific Gra- 


vity of the Body ; ; the Body therefore loſes fo 
much of its Weight, as the Fluid would natu- 
rally buoy up; that is, ſo much, as is the Weight 


of a Quantity of Fluid of the ſame Bulk. 


” This Phznomenon i is what gave riſe to the Hydrome- 


ter, an Inſtrument of great Uſe in aſcertaining the Genuinen eſs 
of Liquors; for it rarely happens, that the adulterated and 

the genuine Liquor (however they may agree in Appearance) 
are of the ſame tpecik Gravity. 


— 


This 
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This Propoſition affords us a Method of 


determining the Relation, which the ſpecific 
Gravities of Bodies, whether Fluid or Solid, 


bear to each other. For, whereas by weigh- 
ing a Solid in a Fluid ſpecifically lighter than 


itſelf, we find the abſolute Weight of a Quan- 


tity of the Fluid equal to it in Bulk (viz. the 
Weight the Solid loſes) the Relation, that 
Weight bears to the Weight of the Solid, is 


the Relation of their ſpecific Gravities; be- 


cauſe the Weights of Bodies, whoſe Bulks 
are equal, are as their ſpecific Gravities: con- 
ſequently, if the ſame Solid is weighed ſuc- 


ceſſively in different Fluids (all lighter than 
itſelf) we gain the Relation, which the ſpe- 
| cific Gravity of each bears to that of the So- 
lid, and therefore to one another. Again, 
if different Solids are weighed in the ſame 
Fluid, the Relation, which the ſpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alſo the ſpecific Gravities of the So- 


lids among themſelves *, 
CHAP. 


* Upon this is founded the Uſe of the Hydroſtatical Ba- 
lance for determining the ſpecific Gravities both of Solids and 
Fluids. The Practice is thus. Firſt, let the Solid be weigh- 
ed in Air, that is, out of the Fluid ; afterwards in it (this ought 


to be done by ſuſpending it at one End of the Balance by a 


String, that is as nearly of the ſame ſpecific Gravity with the 
Fluid made Uſe of as poſſible, and letting it fink into the Fluid 


till it is wholly immerſed below the Surface; if the Fluid 
is Water, an Horſe-Hair is moſt convenient to hang the Body 
at the End of the Balance by) then ſubſtract its Weight in the 

Flvid from its Weight in Air, the Difference is what it wap! | 
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of the Air. 


Va 'H AT Part of Natural Philoſophy, 
which treats of the Properties of the 
Air, and the Effects of its Preſſure and Elaſ- 


ticty, is called Pneumatics. 
II. Air is a thin tranſparent claftio Fluid Gs 


' rounding the Earth to a certain Height, and 


taken all together, 1s called the Atmoſphere. 


III. That Air is a Fluid, is evident from 


the eaſy Paſſage it affords to Bodies moving 


in it: For this ſhews it to be a Body, whoſe 
Parts eaſily yield to a Preſſure, that is greater 
on one Side than on the other, which is the 
Definition of a Fluid. 
TV. Air gravitates towards the Earth, or is 
heavy like other Bodies. | 
To prove this, we have Abundance of Ar- 
guments both from . Senſe and Experiment. 


Thus, when the Hand is applied to the Ori- 
fice of a Veſſel, it readily perceives the Weight 


of the incumbent Atmoſphere, as ſoon as the 


the Fluid. This done, ſay, by the Rule of Proportion, as the 
Weight loſt in the Fluid is to its Weight in Air, ſo is Unity, 


or any Number taken at Pleaſure, to a Fourth, which by its 


Relation to the former, will expreſs the Relation of ſpe- 


cific Gravity of the Solid to that of the Fluid. Thus, the Re- 
lation, which the ſpecific Gravity of the ſame Fluid bears to that 


of various Solids, or of the ſame Solid to that of various Fluids, 
and conſequently the Relation of the ſpecific Gravities of all 
among themſelves may be obtained. 
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Air included in the Veſſel begins to be drawn 


out. Thus, Glaſs-Veſſels exhauſted of their 


Air (if not ſtrong enough to ſuſtain the Preſ- 


ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air with- 
out. When the Air is exhauſted out of a 
. Veſſel, the Veſſel weighs leſs than before. 


With a great many more Experiments gene- 
rally mentioned by Authors on this Subject *. 
V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſſel of 


the ſame Fluid: For then the Mercury will 


run down the Tube, till its Surface is fallen 
to the perpendicular Height of about twen- 


ty-nine or thirty Inches x the Surface. of 
the Mercury in the Veſſel, and no further: 


if the ſame Experiment is made with Water, 


the Surface of it will ſtand at about the Height 
of thirty-two Feet above the Surface of that 
in the Veſſel; the Column of Mercury in 


one Caſe, and the Column of Water in the 


1 exactly balancing the Weight of a Co- 
lumn of Air, which reaches to the Top of the 
Atmoſphere, and preſſes upon the Surface of 
the Fluid in the Veſſels. This is what is 
called the Torricellian Experiment, from Tok 
RicrII the Inventor, and is the fame with 


the common Barometer, 


'  ® See Boles Tradts, or Grovgfnd, Lib. U. P, II. 


From 
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From hence it follows (Chap. I. F. 9.) 
that all Bodies, at the Surface of the Earth, 
ſaſtain as great a Weight from the preſſure 
of the Air, as is that of a Column of Water, 
whoſe Height is thirty-two Feet, and its Baſe 
equal to the Surface of the Body preſſed 
une * 

VI. That the Suſpenßon of the Mercury 
in the Barometer depends on the Preſſure of 
the external Air, is beyond all doubt; for if 


the Barometer is included in the Ar- Pump, | 


the Mercury falls in the Tube, in Proportion 
as the Air is exhauſted out of the Receiver; 
and if the Air is let in again gradually, the 
Mercury reaſcends proportionably, till it reach- 
es its former Height. 


VII. That the Atmoſphere is extended to 


a determinate Height, appears from hence; 
vViZ. that when the Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter ; 
—_—_ is becauſe a ſhorter Column of Air 


® The Preſſure of the Atmoſ phere upon every ſquare Inch, 
near the Surface of the Earth, is about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Height 
is thirty Inches, and its Baſe one ſquare Inch. For, ſuch a 
.Column of Mercury would weigh about fifteen Pounds. 'The 
Weight of the Atmoſphere therefore, which preſſes upon a Man's 
Body, is equal to ſo many Times fifteen Pounds, as the Surface 
of his Body contains ſquare Inches. 

The Reaſon why a Perſon ſuffers no Inconvenience from ſo 

eat a Preſſure, is owing to the Air included within the Pores 


and Fluids of the Body, which by its Reaction is a Counterpoiſe | 


to the Preſſure of the external Air. 


preſſes 
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preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmoſ- 
phere. 5 

VIII. The Elaſticity of the Air is that Wo- 
perty by which it contracts itſelf into leſs 


Space, when an additional Preſſure is laid up- 
on it; and recovers its former Dimenſions, 


when the Preſſure is taken off. This is ac- 
counted its diſtinguiſhing Property, all the reſt 


being common to it with other Fluids. 


Of this we have numerous Proofs. Thus, 
a Bladder full of Air being compreſſed by the 
Hand, the included Air gives way; but when 
the Preſſure is taken off, the Air expands it- 
ſelf, and readily fills up the Cavity, or Im- 
preſſion made in the Surface of the Bladder. 
And, if a larger Quantity of Air, than is na- 
turally preſſed. into a Veſſel by the Weight of 
the incumbent Atmoſphere, is forced into it 
by the Condenſer (an Engine for that purpoſe) 
and if that Air is afterwards let out by open- 
ing the Veſſel, the Remainder is found to be 
of the ſame Weight as at firſt; from whence 
it follows; that the Air, by means of its Elaſ- 
ticity or Spring, drives out all that which was 
forced in by the Condenſer, recovers its for- 
mer Dimenfions, and fills the Veſſel as before. 

IX. From hence, together with what has 
been obſerved about the Preſſure of the At- 
moſphere, it follows, that the Air near the 


Surface of the Earth, is compreſſed into a 


much narrower Space by the Weight of the 
25 ur 
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Air above, than that which it would natu- 
rally take up, was it free from that Preſ- 
_ ſure; accordingly it is found by Experiment, 
that, when the Preſſure of the Atmoſphere is 
taken off from any Portion of the Air, it imme- 
diately expands itſelf into a vaſt Extent. Hence 
it is, that thin Glaſs Bubbles or Bladders filled 


with Air, being included in the Receiver of 
the Air-Pump, are broke in Pieces by the 


Spring of the Air, which they contain within 
them, when the Preſſure of the external Air 
is taken off. Thus, a Bladder quite flaccid, 
containing only a ſmall Quantity of Air in it, 


{wells upon the Removal of the external Air, 
and appears diſtended, as if it contained as great 
a Quantity as poſſible. The ſame Effect is found 
in carrying a Bladder ſomewhat flaccid to a 
more elevated Place, for there the external 
Preſſure being leſs, the Air included in the 


Bladder is in ſome Meaſure free from the Preſ- 
ſure of the Atmoſphere ; it therefore dilates it- 
ſelf, and diſtends the Bladder as in the former 
Caſe. e | 


KX. It is found by Experiment, that the 


Quantity of Space into which Air may be 
contracted by Preſſure, is reciprocally propor- 


tionable to the compreſſing Force. From 


whence it follows, that the Denſity of the Air 
is proportionable to the Preſſure which it ſuſ- 


_ tains; becauſe the leſs the Space is, into which 


a given Quantity of it is contracted, the den- 
ſer it is. As to the utmoſt Degrees of Expan- 


lion 
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ſion and Contraction, which the Air is capa- 


ble of, they are as yet unknown. In ſeveral 
Experiments made by Mr, BoyLe, Air in its 


natural State, that is, preſſed only with the 
Weight of the incumbent Atmoſphere, dilated 


itſelf, when that Preſſure was taken off, into 


more than thirteen thouſand Times the Space 


it took up before. And, he was able ſo far 
to compreſs it, that it ſhould take up more than 
five hundred and twenty thouſand Times leſs 


Space than that, into which it would dilate 


itſelf, when free from its Preſſure *. 


XI. From this Property it follows, that 
the Air in the inferior Parts of the Atmoſ- 


phere is more denſe than that, which is at 


great Heights in the ſame; or, that the Den- 


ſity of the Air decreaſes continually, as we 
approach the Top of the Atmoſphere. For the 
Denſity of the Air is proportionable to the Force 


* See Boyles Trafts and Experiments on the Spring and 


Preſſure of the Air. | 
Various have been the Opinions of Philoſophers concerning 
the Cauſe of this prodigious Spring-in the Particles of Air ; ſome 


holding it to cps on their Figure, which they ſuppoſe to re- 


ſemble in ſome Manner little Bundles of Twigs, or the Branches 


of Trees; ſome think them like Fleeces of Wool, others con- 


ceive them as rolled up like Hoops, or the Springs of Watches, 
and endeavouring to expand themſelves by Virtue of their Tex- 
ture. But Sir J/aac Newton is of Opinion, that ſuch a Texture 


is by no Means ſufficient to account for that vaſt Power of Ex- 

panſion obſerved above; but that each Particle is endued with 
a a repelling Force which encreaſes as they approach one ano- 
ther, and accordingly keeps them aſunder at Diſtances reci- 
procally proportionable to the Preſſure they ſuſtain. 


See Haless Statical Eſſays. Vol. I. Chap. 6. 
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with which it is compreſſed, and that Force 
continually decreaſes, as we approach the Top. 
Was the Denſity of the Atmoſphere every 
where the ſame as it is near the Surface of the 
Earth, its Height (as is computed from the 
Quantity of Preſſure it exerts in raiſing the 
Mercury in the Barometer) would be about 
five Miles. But whereas its Denſity continually 
decreaſes, as we approach the Top, and it is 
uncertain how far the Particles may expand 
themſelves, where there is little or no Preſſure, 
the true Height cannot be obtained. It is com- 


puted to continue of a ſenſible Denſity to the 


Height of about forty-five, or fifty Miles. 


XII. The Elaſticity of the Air produces the 


ſame Effects with its Preſſure. 

For, Action being equal to Reaction, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed ; ; juſt as it 


is in the Spring of a Watch, which exerts no 


Force, but in Proportion as it is wound up ; 


conſequently a Quantity of Air in ſuch a State 


of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmoſ- 
phere, exerts a Force equal to that Weight, 
If a Quantity of Air therefore is included in a 


Veſſel, and is of the ſame Denfity with the 


circumambient Air, its Preflure againſt the 


Sides of the Veſſel is equal to the Weight of 


the Atmoſphere. Thus, Mercury is ſuſtained 
to the ſame Height by the elaſtic Force of Air 
included 
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of Water, as one to a Thouſand : MRSENNus, 
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included in a Glaſs Veſſel, no Way communi- 
cating with the external Air, as by the Weight 


of the Atmoſphere itſelf, 


XIII. The Elaſticity of the Air is augment- 


ed by Heat, and diminiſhed by Cold *. For if 


a Bladder, which is about half filled with Air, 


is laid before the Fire, it will, when it is ſuf. 


ficiently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire imme- 
diately burſt with great Violence by the aug- 
mented Spring of the included Air. 
XIV. The Denſity of the Air thus conti- 


nually varying, according to the different De- 


grees of Heat and Cold, to which it is expoſed, 
makes it difficult to aſcertain its true ſpecific 
Ricc1oLvs eſtimates it to be to that 


as one to one Thouſand, three Hundred: Mr. 


* 'This Property is found in all Bodies both Solid and 
Fluid, but in a much leſs Degree, than it is in Air. Thus, 
if a Flaſk be filled with Water, only to the lower Part of 
the Neck, and is then ſet upon the Fire, the Water, when it 
begins to grow warm, will riſe into the Neck, and continue 
to aſcend, as the Heat is increaſed. And when a Wire or 
Bar of Iron is heated, it is augmented both in Length and 
Diameter. ©  - -- OT | 

Upon this Property depends the Phænomena of the Ther- 
mometer, which is a Glaſs Bubble with a ſmall hollow Stem 
ariſing from it. This Bubble and Part of the Stem is uſually 
filled with Mercury, or Spirit of Wine, which will riſe or 
fall in the Stem, as they are affected by the Heat or Cold 
of the external Air. If a ſufficient Degree of Heat is ſud- 
denly applied to this Inſtrument, the Liquor is obſerved to 
deſcend a little before it riſes, becauſe the Glaſs diſtending it- 
ſelf, the Capacity of the Bubble is augmented, before the in- 
cluded Liquor is affected by the Heat, 


BoYLE, 
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BoyLE, by more accurate Experiments, found 


it to be, as one to nine Hundred and Thirty 
eight; and thinks, that all Things conſider'd, 
the Proportion of one to a Thouſand may be 
taken as a Medium ; for there is no fixing any 
preciſe Proportion, becauſe not only the ſpeci- 
fic Gravity of Air, but that of Water alſo, is 
continually varying. However, by ſome Ex- 
periments made ſince with more Accuracy 
before the Royal Society, the Proportion has 
been fixed at about one to eight Hundred and 
Eighty. 

XV. Air is neceſſary for the preſervation of 
Animal and Vegetable Life: neither will Fire 
ſubſiſt without it. The Reaſon of this is as 
yet unknown to Philoſophers. Mr. HaLes 
by ſeveral curious Experiments! in his Statical 
Eſſays makes 1 it | POT, that tis owing to its 
Elaſticity # 


CHAP. IV. 
Of the Refifance of Fluids 


HE Reſiſtance a Body meets with in 
moving through a Fluid, is of three 
Kinds. 
the Body againſt the Particles of the Fluid; 
the ſecond from their Coheſion or Tenacity 


* Se his aua of it. Statical Eſſays, Vol. I. Chap, 6 


The firſt ariſes from the Friction of 1 


* 6 
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among themſelves; the third, from their In- 
activity, or the Tendency they have in com- 
mon with other Bodies, to keep the Places 


\ 


The firſt, viz. that which ariſes from the 


Friction of the Body againſt the Particles of 


the Fluid, is very inconſiderable; for what- 


ever the Weight is, which preſſes the Particles 


of a Fluid together, the Freedom, with which 
a Body moves through it, is not ſenſibly di- 


miniſhed thereby. As was obſerved, Chap. I. 


§. 2. in the Notes. 


The ſecond, or that which ariſes from the 


Tenacity of the Particles of the Fluid, is as 


the Time the Body continues paſſing in it *: 


Thus, 


* We have a very curious Argument in Confirmation of this, 
and which at the ſame Time illuſtrates the Manner in which a 


Body makes its Way through a tenacious Fluid, by Sir //aoc 


Newton himſelf, in a Poſtſcript to a Letter in the Philoſophical 
Tranſactions, No. 371. It is as follows. © Suppoſe Pieces of 


* fine Silk, or the like thin Subſtance, extended in parallel 
Planes, and fixed at ſmall Diſtances from each other. Suppoſe 


* then a Globe to ſtrike perpendicularly againſt the Middle of 


the outermoſt of the Silks, and by breaking through them to 


* loſe Part of its Motion. If the Pieces of Silk be of equal 
* Strength, the ſame Degree of Force will be required to break 
each of them; but the Time, in which each Piece of Silk re- 


-* fiſts, will be ſo much ſhorter as the Globe is ſwifter ; and the 


{ Loſs of Motion in the Globe conſequent upon its N 


through each Silk, and ſurmounting the Reſiſtance thereof, 


vill be proportional to the Time in which the Silk oppoſes it- 
* ſelf to the Globe's Motion; inſomuch that the Globe by the 
* Reſiſtance of any one Piece of Silk, will loſe ſo much leſs of 


* its Motion as it is ſwifter. But on the other Hand, by how 


much ſwifter the Globe moves, ſo many more of the Silks it 
* will break through in a given Space of Time; N "= 
| | * Number 
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Thus, ſuppoſe a Body continues to move 
within a Fluid for the Space of one Hour; if 
its Motion be very quick during that Time, it 


then moves a great Way in that Fluid, and 


_ conſequently meets with a great deal of the 
Fluid to reſiſt it; but is reſiſted the leſs in 


each Part thereof in, Proportion to the Stay it 


makes there : whereas, if its Motion be flow, 
it then moyes but a little Way in that Time, 


but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or flow, the Reſiſtance it ſuffers is the 


ſame; and depends therefore on Nothing but 
the Time we ſuppoſe it to continue moving 


within the Fluid. This Species of Reſiſtance 


is alſo very ſmall, except in glutinous and 
viſcid Fluids, whoſe Parts are not eafily ſe- 
parated. „ 


Number of che Silks, which oppoſe themſelves to che Mo- 


« tion of the Globe in a given Time, being reciprocally pro- 
portional to the Effect of each Silk upon the Globe, the Re- 
ſiſtance made to the Globe by theſe Silks, or the Loſs of 


Motion the Globe undergoes by them in a given Time, will 


be always the ſame. 


— 


Now, if the Tenacity of the Parts of Fluids obſerves the 
«* ſame Rule, as the Coheſion of the Parts of theſe Silks; name- 


8 ly, that a certain Degree of Force is required to ſeparate and 
* 11 


ſunite the adhering Particles, the Reſiſtance ariſing from the 
« Tenacity of Fluids muſt obſerve the ſame Rule, as the Re- 
ſiſtance of the Silks ; and therefore in a given Time, the Loſs 
© of Motion a Body undergoes in a Fluid by the Tenacity. of 
its Parts, will in all Degrees of Velocity be the ſame; or in 
fewer Words, that Part of the Reſiſtance of Fluids, which 
« ariſes from the Coheſion of their Parts, will be uniform.” 


T hs 
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The third Species is the principal Reſiſtance, 
that Fluids give to Bodies, and ariſes from 


their Inactivity, or the Tendency the Particles, 
of which they conſiſt, have to continue at Reſt, 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with on a double Ac- 


count: For, in the firſt Place, the Number of 
Particles put into Motion by the moving Body 
in any determinate Space of Time, is propor- 


tionable to the Velocity wherewith the Body 


moves; and in the next Place, the Velocity 


with which each of them is moved, is alſo pro- 


portionable to the Velocity of the Body; this 


Species therefore of Reſiſtance is in a dupli- 
cate Proportion, or as the Square of the Ve- 
loeity, with which the men, moves through 


the Fluid *. 


II. Farther, the Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 
' conſidered with Regard - to the Fluid and 
then it will be found to be more or leſs, ac- 


, This may be 75 en from the ai 


Section of the firſt Chapter; for from thence it follows, that 
the Reſiſtance a Fluid gives to a Solid a 2 which it moves, 
1s proportionable to the Height a Body muſt fall from, to 


acquire {ſuch a Degree of, Velocity as die Fluid moves with: 
But the Heights Bodics fall from are as the Squares of the Ve- 


locities* they acquire by falling; conſequently the Reſiſtance a 
Fluid gives to; a Solid, againſt which it moves, is alſo as the 


Square of its Velocity. Now it matters not, as to the Reſiſt- 
ance, whether the Fluid moves againſt the Solid, or whether 
-it be at Reſt, and the Solid moves in it; the Reſiſtance there- 
fore which a Fluid gives to a Solid moving in it, is as the 
Equare of the Velocity, with which it moves. 
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cording to the Denſity of the Fluid. For by 
how much denſer the Fluid is, ſo much the 
| Senator Number of Particles are to be put into 
otion by the Body, in Qrger to ak its 
Way through it. 
III. The next Thing to by confidered, i 5 the 
Effects of the Reſiſtance of Fluids upon. Bodies 
moving in them; that is, the Retardation, 
which they cauſe in the Motion of a Body by 


their Reſiſtance, or the Wuntity f Motion 
they deſtroy. 


, ps this, in [TO Bodies of e qual Mag ni- 
| tudes, is inverſely as their Denfitics or) 9 
| Quantity of Matter they contain; for by how 

much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from 
the Fluid. Thus we ſee the Reſiſtance of the 
Air has a much leſs Effect in deſtroying the 


Motion of an heavy Body, than of a light 


one which | has the ſame Dimenſions. 
1V. In ſimilar Bodies of equal Denſities, 
but different Magnitudes, the Retardation is in- 


verſely as their homologoys Sides. For the Re- 


ſiſtance Bodies meet with in a Fluid, is inverſely 
as the Quantities of Matter they contain (by 
.the laſt) that is inverſely as the Cubes of their 
- homologous Sides; and it is alſo directly as 
their Surfaces, becauſe | tis by them that they 
move the Fluid out of its Place; that is, di- 


rectly as FOE Squares of their homologous Sides; 


cConſequently 
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conſequently the Retardation is inverſely as 
their homologous Sides *. 


_ Having given the fundamental Principles of 1 
ydroſtatics, and ſhewn how Fluids, both N 
compreſſible and incompreſſible, are diſpoſed 
to act upon each otlier, and upon Solids by 
their Preſſure, Motion, Elaſticity, and Re- 
ſiſtance; I proceed now to account for ſome of 
the more remarkable Phænomena of Nature, 
in which they are in Part, or altogether con- 
cerned: And this I deſign for the Subject of 
the following Diſſertations. PET 


„ Becauſe the inverſe Ratio of the Cubes of any Numbers 
being compounded with the dire& Ratio of the Squares of the 
ſame, gives the inverſe Ratio of the Numbers themſelves, 
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DISSERTATION I. 


07 Sound. 


HE N the Parts of an elaſtic Body are 
put into a tremulous Motion, by Per- 
cuſſion, or the like; fo long as the Tremors 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations: Now, the Particles 
of Air being ſo far compreſſed together by the 
Weight of the incumbent Atmoſphere, as their 
repulſive Forces permit, (as has been explained, 
Chap. 3.) it follows, that thoſe, which are 
Immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaſtic Body, will, 
in their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 
and thereby - cauſe them to be more condenſed, 
than they were by the Weight of the incum- 
bent Atmoſphere, and in their Return will ſuffer 
them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagated 
to them; and ſo on, till having arrived at a 
certain Diſtance from the Body, the Vibrations 
ceaſe, being gradually deſtroyed by a conti- 
nual ſucceffive Propagation of Motion to freſh 
Particles of Air throughout their Progrels, 


Thus 
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Thus it is that Sound is communicated from 
a tremulous Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thoſe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 


ticles in performing their Vibrations impinge 
upon the Tympanum, which agitates the Air 


included within it; and?! that being put into a 
like tremulous Motion, affects the auditory 


Nerve, and thus excites in the Mind the Sen- 
ſation or Idea of what we call Sound. 


Now fince the repulſive Force of each Par- 
ticle of Air is equally diffuſed around it eve- 


ry Way; it follows, that when any one ap- 
proaches a Number of others, it not only re- 


pels thoſe which lie before it, in a right Line; 
but the reſt, laterally, according to their re- 


ſpective Situations: that is, it makes them 
recede every Way from itſelf, as from a Cen- 


ter: and, this being true of every Particle, it 
follows, that the aforeſaid Tremors will be 


propagated from the ſounding Body in all Di- 


rections, as from a Center: And farther, if 


they are confined for ſome Time from ſpread- 
ing themſelves by paſſing through a Tube or 
the like, will, when they have paſſed through 
it, ſpread themſelves from the End in every 
Direction. In like Manner, thoſe which paſs 
through an Hole in an Obſtacle they meet 
with in, their Way, will afterwards ſpread 
4 themſelves 
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themſelves from thence, as if that was the 


Place where they began; fo that the Sound, 


which paſſes through an Hole in a Wall, or the 


like, is heard in any Situation whatever, that 


is not at too great a Diſtance from it. Some- 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 


which are propagated equally through all 


Parts of the Surface in a Circle, though occa- 
ſioned not by a circular, but reciprocal Motion 


and Agitation of the Finger, or any other Body 


in a ſtraight Line. 


Since the repulſive Force, with which the N 


Particles of Air act upon each other, is recipro- 


cally as their Diſtances; (Chap. 3. 9. 10.) it 


follows, that when any Particle is removed out 


of its Place by the Tremors of a ſounding Body, 


or the Vibrations of thoſe which are contiguous 


to it, it will be driven back again by the 


_ repulſive Force of thoſe towards which it is 


impelled, with a Velocity proportionable to 
the Diſtance from its proper Place; becauſe 


the Velocity will be as the repelling Force. 


The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return to 
its Place in the ſame Time; (for the Time a 
Body takes up in moving from Place to Place 
will always be the ſame, ſo long as the Ve- 
locity it moves with is proportionable to the 


Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 
ne depends on the Degree of Repul- 
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ſion in its Particles: And ſo long as that is 
not altered, will be the ſame at all Diſtances 
from the tremulous Body; conſequently, as 
the Motion of Sound is owing to the ſuc- 
cefſive Propagation of the Tremors of a ſound- 
ing Body through the Air, and as that Propa- 
gation depends on the Time each Tremor is 


performed in, it follows, that the Velocity 
of Sound varies as the Elaſticity of the Air, 
but continues the ſame at all Diſtances from 


the ſounding Body. 


And as the Velocity, with which Sound is 
propagated, depends on the Elaſticity of the 
Air, ſo it does alſo on its Denſity ; for when 
the Denſity of the Air is augmented, while 
its Elaſticity remains the ſame *, a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration; now, ſince we ſup- 


92 5 the Cauſe * which they 10 each other 


* Perhaps it will not appear to every ohe, how the Denſity 


of che Air can be augmented without a proportional Increaſe 


of its Elaſticity; becauſe, ceteris paribus, the nearer the Parti- 
cles approach each other, the ſtronger 1s the Action of their 
Aru, Force. 

But it is to be conſidered, that when the Air becomes cold- 
er, its Elaſticity is $miniſhed, and then the Particles ate 


brought cloſer together by the Preſſure of the Atmoſphere, 
till they acquire an Elaſticity equal to what they had before; 


wiz, ſuch as anſwers to the Preſſure they ſuſtain (Chap. 3. f. 12. . 
From hence we may infer, that the Propagation of Sound is 


' flower in Winter than in Summer, when the Mercury in the 
Barometer is at the ſame Height; for the Preſſure of the Air 
| being the fame, its Elefticity which depends upon it, is ſo toe; 
but the Air is denſer by Reaſon of the Cold, and therefore its 


Vibrations flower,” 3 
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than in the Valleys below. 


into Motion (viz. their Elaſticity,) the ſame, 
they will each receive a leſs Degree of Velo- 
city; and ſo the Vibrations will be performed 


in a longer Time, whence the Succeſſion of 


them will be lower.” and the Progreſs of Te 


Sound proportionably retarded *. 


Whereas the undulatory Motion of the Alr, 


which - conſtitutes Sound, is propagated in all 


Directions from the ſounding Body ; it will 


ma rome happen, that the Air, in perform- 


ing its Vibrations, will impinge againſt vari- 


ous Objects, which will reflect it back, and 
ſo cauſe new Vibrations the contrary Way; 
now, if the Objects are ſo ſituated, as to re- 
flect a ſufficient Number of Vibrations back 
Ne ſuch a8 proceed different Ways) to the 


* The Method of determining thiy Velocity with which 


Sound is E Nene is (by the Help of a ſhort Pendulum) to 
eſtimate ime, which paſſes between ſeeing the Fire of a 
Gun at a Diſtance, and hearing the Report. Its great Velocity 
makes it difficult to be determined exactly; accordingly Au- 
thors differ much in their Accounts. The moſt accurate Ob- 


ſervers, Dr. Halley and Dr. Durham, have found it to be about 


one Thouſand one Hundred and Forty-two Feet, which is al- 


moſt a Quarter of a Mile, in a Second. 
The uſual Experiments to prove that the Air is 9 for 


dhe Propagation of Sound, are ſuch as theſe. A ſmall Bell be- 


ing put into the Receiver of the Air-Pump, may be heard at a 
conſiderable Diſtance before the Air is exhauſted out of it; but 


when the Air is much rarefied by exhauſting, can ſeareely be 


heard at all. When the Air is condenſed, the Sound is aug- 


. mented in Proportion to the Condenſation. Theſe Experiments 


do not only ſucceed in forced Rarefactions and Condenſations, 


but in ſuch alſo as are Natural; Sound being obſerved to be 
much weaker on the Tops of high Mountains, where the Air 


is leſs condenſed by the Weight of the incumbent Atmoſphere, 


ſame 
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ſame Place, the Sound will be there repeated, 
and is called an Echo *x. And, the greater 
the Diſtance of the Objects is, the longer will 
be the Time, before the Repetition is heard. 
And when the Sound in its Progreſs meets with 


h Objects, at different Diſtances, ſufficient to 
produce an Echo, the ſame Sound will be re- 


peated ſeveral Times ſucceſſively, according to 
the different Diſtances of thoſe Objects from 
the ſounding Body; which makes what is call- 
ed a repeated Echo. 2 5 

If the Vibrations of the tremulous Body are 
propagated through a long Tube, they will be 
continually reverberated from the Sides of the 
Tube into its Axis, and by that means pre- 


vented from ſpreading, till they get out of it; 


whereby they will be exceedingly encreaſed, 


and the Sound rendered much louder than it 


would otherwiſe be. | 


The Difference of Muſica! Tones depend 


on the different Number of Vibrations com- 


municated to the Air, in a given Time, by the 


Tremors 


In Woodflock Park, near Oxford, there is an Echo, which 
repeats diſtinctly ſeventeen Syllables by Day, and twenty by 


Night. See Plot's Natural Hiſtory of Oxforprre. 


The Reaſon why it repeats more Syllables by Night, than 


by Day, is becauſe the Air, being colder at that Time, is 
more denſe ; and therefore the Return of the firſt Vibrations be- 


ing ſlower, gives Time for the Repetition of more Syllables. 


WW This is the Caſe in the Stentorophonic Tube or Speaking- 
Trumpet. See Kircher de Re Muſica, Lib. 9. Par. 3. Ode 


Philoſ. Natur. Princip. p. 293. 
G 


Upon 
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Tremors of the ſounding Body; and the 
quicker the Succeſſion of the Vibrations is, 


the acuter is the Tone, and 2 contra. 


A muſical Chord performs all its Vibrations, 
whether great or ſmall, in the ſame Time. 
For, if a String is ſtretched between two Pins, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
is found by Experiment, that the Diſtance (if 


it be ſmall) to which it is drawn, is as the 


Force applied; conſequently the Velocity, 


with which it returns, when left to itſelf, will 


be as the Space it has to move over; it will 


therefore perform all its Vibrations in the ſame 
Time: This is the Reaſon why the ſame Chord, 


however ſtruck, produces the ſame Note. s 
is alſo found by Experiment, that when Strings | 
of equal Diameters, but different Lengths, 

are equally ſtretched, the longer they are, o 


much the leſs Weights will draw them from 


their rectilineal Situation to the fame Diſtance; 


Upon this Principle it is, that Sound i is conveyed from one 
Side of a Whiſpering Gallery to the oppoſite one, without be- 


ing perceived by thoſe who ſtand in the Middle. The Form of 
a Whiſpering Gallery is that of a Segment of a Sphere, or the 
like arched Fj igure; and the Progreſs of the Sound through 1 


25 be illuſtrated in the following Manner. 


et ABC (Fig. 14.) repreſent the Segment of a Sphere ; ; 


and ſuppoſe a low Voice uttered at D, the Vibrations expand- 
ing themſelves every Way, ſome will impinge upon the Points 


E, E, &c. and from thence be reflected to the Points F, from 
thence to G, and ſo on, till they all meet in C; and by their Union 
there cauſe a much ſtronger Sound, than in any other Part of 


the Segment whatever, even at D the Point from wiency 
they came. | 


, 


the 
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the Forces therefore by which they return 
are leſs, and the Times of their Vibrations 
r Sg 
When two Chords perform their Vibra- 
tions in equal Times, the Tone produced is 
called an Uniſon. If one performs two, while 
the other one; tis an OFave. If one three, 
while the other two; 'tis a Fifth. If one 
three, while the other four; 'tis called a 
Fourth, &c, 8 | 

To make an Uniſon Sound, it is not neceſ- 
fary, that the Vibrations of the two Strings 
ſhould actually concur, but only that they 
ſhould be performed in equal Times ; ſo that 
they would always concur, if they began at 
the ſame Inſtant. For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
tervals of Time, that paſs between them. 


Upon theſe Principles we may account for that remarkable 
Phænomenon in Muyfic, that an intenſe Sound being raiſed, 
either with the Voice, or a ſonorous Body, another ſonorous Bo- 

dy near it, and in Uniſon with it, will thereby be made to ſound. 

For the Vibrations of the Air, which correſpond to the Tre- 

mors of the firſt ſounding Body, agreeing exactly, in Point of 
Time, with thoſe, which are capable of being given to the 

other Body at Uniſon wich it; when they have by their firſt Im- 
| pulſe communicated a ſmall Degree of Motion to it, will, by 
conſpiring with it, as it, moves forwards and backwards, conti- 
nually increaſe its Motion, till it becomes ſenſible. The con- 
trary happens in Strings which are in Diſcord with each other; 
for in this Caſe, though the firſt Vibration of one may give 
Motion to the other, yet their Vibrations not being performed 
in equal Times, the ſecond will come unſcaſonably, i. e. When 
the other is moving the contrary Way, and obſtruct its Motion. 

It is farther obſervable, that in two Strings, one of which vi- 
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brates twice, while the other once; if the firſt be ſounded, 
the two Extreams of the other will each ſound an Uniſon with 
it, while the middle Point remains at Reſt. So if one vibrates 
thrice, while the other once, the laſt will be divided into three 
Parts, each of which will ſound an Uniſon with it, and the two 
Points between thoſe Parts will remain at Reſt. For other- 
wiſe, that which vibrates twice, while the other once, muſt ne- 
ceſſarily interfere with it at every ſecond Vibration; and that 


Which vibrates thrice, while the other once, would interfere 


with it at every third; fo that it would not be put into a ſuffi- 
cient Motion to produce a Sound. But, when it 1s divided 
by the quieſcent Points, it becomes ſo many Strings at Uniſon 
with the former, each of which eaſily receives its Vibrations 
ſrom thence. : : 


From hence likewiſe it is, that if we take two or three 


drinking Glaſſes, and put ſome Water or other Fluid into each 
of them, and place them near to each other, taking Care to fill 


them to ſuch Heights, that (when ſtrack) their Tones ſhall 
be in Un.ſon ; and then, if we flide the Finger along the Brim 
of one of the Glaſſes, prefling pretty ſtrongly upon it, (which 
will cauſe it to ſound) we ſhall ſee the Surface of the Fluids 
in the other Glaſſes begin to tremble ; which ſhews that the 
Vibrations of the firſt Glaſs cauſe the like in the other at 
Uniſon with it; though not perhaps in a Degree ſufficient to 


Produce a Sound, ſtrong enough to be heard diſtinctly from 


the former. 


Thus it is that 3 Perſons are able to break a drinking 


Glaſs by a Tone of their Voice at Uniſon with it. They firſt 


try the Tone of the Glaſs by ſtriking it, then applying their 
Mouth near to the Brim of it, ſound the ſame Note with their 


Voice; this ſets the Glaſs a trembling ; they then continually 


raiſe their Voice, ſounding ftill the ſame Note; this encreaſes 


the Tremors of the Glaſs, which by that Means (if it is not 
too ſtrong) is broke in Pieces. ee ee e ee 

The Effect of Miſic upon Perſons bit with the Tarantula, (if 
the Accounts we have of it from Abroad may be credited) is 


very ſurpriſing. A Perſon bit with the Tarantula after ſome 


Time loſes both Senſe and Motion, and dies if deſtitute of 
Help. The moſt effectual Remedy is Muſic. The Muſician 
tries Variety of Airs, till he hits upon one that affects the Pa- 


tient, who upon that begins to move by Degrees; firſt keeps 
Time with his Fingers, Arms, and Legs, afterwards is vio- 


lently agitated in every Part of his Body; and then leaps up, 


begins to dance, and encreaſes in Activity every Moment; till 
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after five or ſix Hours, being very much fatigued, he is 
Bed, and left to ſweat. The next Day the ſame Air 


55 
brings 


him out of Bed for a new Dance. Which Exerciſe being thus 


continued, the Diſtemper is abated in the Space of four or five 


Days, the Effects of the Bite being in ſome Meaſure carried 


of by Sweat, and the Patient begins then to recover his Senſe 
and Knowledge by little and little. | | | 


'The Reaſon why the Patient is thus affected by the Myfic, is 


becauſe the Nerves of his Body are ſo diſpoſed in that Diſtem- 


per, as eaſily to be agitated by the Vibrations which are occa- 
honed by the Principle and ſtronger Notes of what is played. 


See on the Subject of this Diſſertation, Philoſoph. TranſaR. 
No. 134, 234, 302, 313, 319, 337. Hiſt. de VAcad. 1702, 
1708. Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 
Poiſons, p. 59. Ke:Ps Anatomy, p. 214. Baglivi Prax, Medic. 
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8 07 Capillary Tubes. 


Va Copillary Tube is generally underſtood 
a Glaſs Pipe; the Diameter of whoſe 
Bore is at moſt but about one tenth of an Inch; 
though any Tube whoſe Cavity does not ex- 
ceed that Magnitude, may be ſo called. 
The Phænomena of Capillary Tubes being 
ſuch as contradict a known Law in Hydroſta- 


ics, viz. that a Fluid riſes in a Tube to the 


fame Height with the Level of its Source * ; 


and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 


riſhment of their Fruit, and with divers other 
9 of Nature: it has been thought 
no ſmall Moment in Philoſophy to find 


0 


out and eſtabliſh their true Cauſe; which af- 


ter numerous Experiments, and ſeveral Con- 


jectures about it, is found to be no other than 


the Attraction of Coheſion; by which ſmall 


Particles of Matter mutually adhere together, 
and form larger Bodies +. I ſhall law down 


'* See Chap. I. F. 9. Caſe 4. in the Notes. 


I See Harutkſbee's and Poxer's' Experiments. Mu/thenbroech 
40 Edit. Philoſoph. Tranſat. No. 355 


1705, 12150 1722, 1724. With others referr'd to in Quæſti- 
ones Philo 8 | e 


ſoph. 


the 
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the ſeveral Phenomena, as ſo many Matters of 
Fact; and ſubjoin to each a Solution from that 
Cauſe. In Order to which, it may not be im- 
proper to premiſe the following Conſideration 
by Way of Lemma. 
Leet us ſuppoſe the Veſſel ABCD (Fig. 15.) 
filled with a Fluid to the Height LM, and 
let it be conceived as divided into the equal 
Portions EFGH, GHIK, IKLM, Sc. Far- 
ther, let it be ſuppoſed, that wh Particle of 
Matter in the inner Surface of the Veſſel, has 
a Sphere of Attraction, whoſe Semidiameter 
is equal to the Breadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as S; and that of the 
Particle O, upwards as far as H, and down- 
Wards as far as U; ; and fo of all the reſt quite 
round the Tube. From hence it will follow, 
that every Particle of the inner Surface of the 
Veſſel, which lies between EF and RS, con- 
ſpires in endeavouring to raiſe the Fluid to- 
wards AB the Top of the Veſſel; and that 
the Fluid is not affected by any other. For 
Inſtance, the Particle S, and all below it, will 
attract downwards three Strata of the Fluid 
(ſuch as are contained in three equal Diviſions 
of the Veſſel) from above, and as many up- 
wards from below; and therefore will have no 
Effect at all in raiſing or depreſſing the Fluid. 
But the Particle Q will attract only two Strata 
downwards; becauſe there are no more above 
„ it, 
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it, and three upwards, and therefore will in 


ſome Meaſure tend to raiſe the Fluid; ſo the 
Particle O will attract but one downwards, 
and three upwards; the Particle M none down- 
wards, and three upwards; the Particle K two 
upwards, and H only one: all which may 
clearly be ſeen by their Situations in the Figure 
with Reſpect to the Surface of the Fluid. 
Therefore in every Veſſel, where there is a mu- 
tual Attraction between the Fluid it contains 
and the Particles of which it is compoſed, there 


will be a certain Number of Particles diſpoſed 


around it in Form of a broad Periphery or 
Zone, as repreſented by AB; (Fg. 16.) half 
of which lies above the Surface of the Fluid, and 
half below it, and will tend to make it riſe to- 


wards the Top. This being underſtood, the 


following Phenomena will not be difficult &. 


wy I have been the more particular in explaining this Lemma, 
becauſe it is not a bare Periphery of no Breadth, to which 


the Aſcent of the Fluid is owing, but a Zone or Cingulum of 


Particles diſtended equally in Breadth both ways from the Sur- 
face of the Fluid ; and becauſe it 1s upon the Breadth of this, 
that ſome of the following Solutions depend. As to the 


Thickneſs of it, that undoubtedly is equal to the Semidiameter 
of the Sphere of Attraction in the Particles of the Veſſel; and 
therefore Veſſels, whoſe Sides are of different Thickneſſes (pro- 


vided thoſe Thickneſſes be leſs than that Semidiameter) muſt 
have different Effects upon the ſame Fluid, though no one has 


as yet been ſo accurate as to obſerve it. The Reaſon why a 


Fluid will not riſe in a large Veſſel, as well as in one that is 
Capillary, is becauſe the Attraction of its Particles does not 


reach far enough into the Middle of the Veſſel; and there- 


fore it only riſes about the Sides, ſtanding higher than in the 


Middle: as may be ſcen in a Drinking-Glaſs, when a Quantity 


of Water is put into it, ſomewhat leſs than is ſufficient to fill it. 


I. Let 
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I. Let there be two Capillary Tubes, AB 
and CD (Fig. 17.) open at both Ends; and 
having their lower Orifices, A and C, immer- 
ged below the Surface of the Water contained 
in the Veſſel FGHI: The Water will imme- 
diately rife up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe; till 
as much Water has entered the Tubes, as they 
are able to raiſe: And the Heights to which 


the Water will riſe in them, will be recipro- 


cally as their Diameters. 


That the Water ought to riſe in both Tubes 


is an immediate Conſequence of the foregoing 
Lemma; becauſe the Column of Water with- 


in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attracted up- 
wards by a Portion of the interior Surface of 


the Veſſel; and therefore will riſe till it be- 


comes as much longer than the external ones, 
as it is made lighter; that the Aquihorium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
Column. The Reaſon that the Velocity with 


which it riſes, ought conſtantly to decreaſe, is, 
becauſe the heavier the Column is, the leſs is 
the Effect of the Attraction, which is always 
the ſame in a Tube of the fame Diameter. 
And laſtly, the Heights to which the Water 
riſes in them, will be reciprocally as their Dia- 
meters; for then the Quantitics raiſed will be 


H directly 
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directly as the Diameters * ; but the Peripheries 
that raiſe them, (being always of the ſame 
Breadth, and having their Lengths equal to the 
Circumferences of the Tubes) are as thoſe Dia- 


meters; the Quantities of Water therefore, 
being in the fame Ratio, are as the Peripheries, 


i. e. as the Cauſes by which they are raiſed. 
II. If the Tubes, before they are immerged 


in the. Water, are filled to greater Heights, 


than thoſe to which it would naturally riſe in 
them; and then have their lower Orifices im- 
merged in Water, the Water will ſubſide till 
it ſtands in each at the ſame Height to which 


it would have riſen; but, if they are held in 


a perpendicular Poſition without being immer- 
ged, the Water will not ſubſide in the Tubes 


quite fo far. 


the Tube been immerged when empty, is be- 


cauſe the Column is ſuſpended in one Caſe by 
the ſame Cauſe, by which it 1s raiſed in the 
other; but when the Tube full of Water is 


The Heights to which the Water riſes, | being in a | recipro- 
cal Ratio of the Diameters; and the Contents of Cylindrical 


Tubes being in a direct Ratio of their Heights, and of the 


Squares of their Diameters ; the Quantities of Water raiſed in 


this Caſe will be in a reciprocal Ratio of the Diameters, and a 


ditect one of the Squares of the ſame. Now theſe two Ratio's 


being i compounded together, give the direct one of the Dia- 
meters themſelves ; becauſe the ſimple reciprocal Ratio deſtroys 


one of thoſe, which are contained in the dire& one of the 
Squares. | . | 


; The Reaſon why the Water in the Tube, 
when its lower Orifice is immerged, ſubſides 
to the ſame Height it would have riſen to, had 


held 
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held erect, without being immerged, it will 
not ſubſide quite fo far; becauſe the lower End 
of the Tube, which the Water leaves behind 
it as it drops out, attracts it the contrary 
Way; fo that the Column in this Caſe is ſuf- 
pended, not only by the inner Surface of the 
Tube at the Top, but alſo by its lower End; 
and therefore a greater Quantity of Water is 
ſuſpended than in the former Caſe. = 

III. If a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the ſame perpendicular 
Height, as when held erect. 

For fince Fluids preſs according to their 
perpendicular Heights, the Weight of the Co- 
lumn raiſed will not be proportionable to the 
attractive Force of the Tube, till it has arrived 
at the ſame perpendicular Height, to which it 
would have roſe, if held ere. i 

IV. If a Tube, when the Water is riſen in- 
to it to its wonted Height, is laid in an Hori- 
Zontal Situation, the Water will move towards 
the Middle of the Tube, leaving the End 
which was immerſed a little behind. 

The Solution of this Phænomenon depends 
on what was obſerved in the Lemma about 
the Breadth of the attracting Periphery, and 
its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
lows, that if the Water ſhould not run from 
the full End of the Tube, after it has laid in 
an Horizontal Situation, but remain contiguous 
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31 to it; that End of the Column of Water would 
of be attracted only by ſuch a Portion of a Peri- 
1 pPhery as lies within its Surface at that End; 
10 becauſe the End of the Tube coinciding with 
.Þþ the Surface, the other Half of the Periphery 
308 is wanting. Whereas, at the other End of 
1 | the Column, there is a Periphery whoſe Breadth 
3 

| 


is entire; which overpowering the other, 
cauſes the Water to move towards the Middle 
of the Tube, till as much Periphery is left be- 
bind, as can at once affect the Water by 
the Attraction of its Particles; after which 
1 the Water being attracted equally each way, 
0 1 remains at Reſt. 
| V. Let there bs a2 Tube (Fig. 18. )c con- 
fiſting of two Parts, DR and RCK, of diffe- 
rent Diameters; it follows from What has been 
faid, that DR the ſmaller Part of the Tube, 
is ableto raiſe Water higher than the other : 
Let then the Height to which the larger would 
raiſe? it, be TF, and that to which it would 
riſe in the leſſer (was it continued down to 
the Surface of the Fluid) be XL. If this com- 
pound Tube be filled with Water, and the 
larger Grifice CK be immerſed in the ſame 
Find: the Surface of the Water will fink no 
farther than XL; the Height to which the 
leſſer Part of the Tube would have raiſed it. 
But if the Tube be inverted, as in Fig. 19. 
and the ſmaller Orifice XL be immerſed. the 
Water will run out till the Surface falls to +Þ, 
the Height to which the larger Part of the 
Tube 


1 


Fs. P28. 


Au. pa; 


Differt. 2. Of Capillary Tubes. 63 
Tube would have raiſed it. The Size of the 


lower Part making no Alteration in the 
Height, at which * Fluid is ſuſpended in 
either Caſe. 

In order to account for theſe Phenomena, 
it muſt be conſidered, that when a Body is 0 


diſpoſed, that its different Parts ſhail move 


with different Degrees of Velocity, the great- 
er Proportion the Velocity of that Part to 
which a moving Power is applied, bears to 
that of the reſt; ſo much the more effectual 
is the Power in moving that Body: As is the 
known Caſe. of the Lever, and all the other 
Mechanical Powers. 
Now let us conceive the Tube, DR (Eg. 
18.) continued down to Hl, and let it be 
ſuppoſed at preſent that the Fluids contained 
in the Tube XLHI, and the compound one 
XLKC, are not ſuſpended by the Periphery 


at L, but that they preſs upon their reſpective 


Baſes, HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them moveable, 
and that they are raiſed up or let down with 
equal Velocities; then will the Velocity with 
which XL the uppermoſt Stratum of the Fluid 
XLCK moves, exceed that of the ſame Stratum, 
conſidered as the uppermoſt of the Fluid in the 
Tube XLHI, as much as the Tube RCR 
is wider than DR (by the Lemma, Chap. 1 


F. 9.) that is, as much as the Space MNKC 


exceeds XLIH; conſequently by what was 
obſerved in the foregoing Paragraph, the 
Effect 


64 Of Capillary Tubes. Part II. 
Effect of the attracting Periphery XL, as it 


acts upon the Fluid contained in the Veſſel 
XLCK, exceeds its Effect, as it acts upon 


that in XLHI, in the ſame Proportion. 


Since therefore it is able (ex Hypoth.) to ſuſ- 


tain the Weight of the Fluid XLHI by its 


natural Power, it is able under this Mechani- 


cal Advantage, to ſuſtain the Weight of as 
much as would fill the Space MNKC: But 


the Preſſure of the Fluid XLCK is equal to 


that Weight, as having the ſame Baſe and 


an equal Height (Chap. 1. F. 9.) its Preſſure 


therefore, or the Tendency it has to de- 


ſcend in the Tube, is equivalent to the Power 
of the attracting Periphery XL, for which 


Reaſon it ought to be ſuſpended by it. 


Again, the Height (Fig. 19.) at which 


the attracting Periphery in the larger Part of 
the Tube is able to ſuſtain the Fluid is no 


greater than NF, that to which it would have 


raiſed it, had the Tube been continued down 


to MN. For here the Power of the attract- 
ing Periphery acts under a like Mechanical 
Diſadvantage; and is thereby diminiſhed in 
Proportion to the Capacity of the Tube TFNM 
to that of HIXL; becauſe, if the Baſes of 
theſe Tubes are ſuppoſed to be moved with 
caqual Velocities, the Riſe or Fall of the Sur- 

face of the Fluid TFXL, would be ſo much 


leſs than that of TFMN. And, whereas 


the attracting Periphery TF is able by its na- 


tural Power to ſuſpend the Fluid only to the 


Height 
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Height NF in the Tube TFMN ; it is in this 
Caſe able to ſuſtain no greater Preſſure than 
what is equal to the Weight of the Fluid in 
the Space HIXL: but the Preſſure of the 
Fluid TFXL, which has equal Height, and the 
ſame Baſe with it, is equal to that Weight ; 
and therefore is a juſt Aiguipondium to the at- 
tracting Power. * 

VI. From hence we may clearly ſee the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 


of Water contained within it; when the Fluid 


moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 
of the Tube at D, to that at C (by the Lem- 
ma, Chap. 1. g. 9.) that is, reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C*; but the attracting Pe- 
riphery at D is to that at C, in the ſimple Ra- 
tio of the Diameter at D, to the Diameter at 
C. Now, fince the Effect of the Attraction 
depends, as much upon the Velocity of that 


Part of the Fluid where it acts, as upon its 


natural Force, its Effect at D will be greater 
than at C; for though the Attraction at D 


= really leſs in itſelf than at C, yet its Loſs 


of Force upon that Account, is more than 


A 12 EI. 2. 


compen- 
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compenſated by the mechanical Advantage it 
has ariſing from hence, v/2. that the Velocity 
of the Fluid in that Part is greater than it is 
at C, in a greater Proportion than the Force 
itſelf is leſs : The Fluid will therefore move 
towards B. 

VII. From hence likewiſe it follows, that 
if a Veſſel, as ABC (repreſented Fig. 21.) of 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube as B; and if this 
Veſſel is filled with Water, and haven its lower 
Orifice placed on FD the Surface of the ſame 
Fluid ; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be ſmall enough (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by Propoſition the fifth, the 


lower Part of the Tube makes no Alkeration 


in the Height, at which the Capillary B is able 

to ſuſtain the Fluid. 

VIII. And if the fame Veſſel be filled only 
to the Height DE (Fig. 22.) and a Drop of 

Water be put into the Capillary at B, the in- 


termediate Part BDE being full of Air) the? 


Water will continue ſuſpended at the ann 


DE. 
For, although the Fluid ACDE is not in 


Contact with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
ſupported by it; yet the Preſſure of the At- 


moſphere upon the Surface FG, and againſt the 


N Part of the Drop in the Capillary =. 
keeps 
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keeps the Fluid ADEC, and the Drop, and the 


intermediate Air from ſeparating, juſt as in 

the former Caſe the Attraction of Coheſion 
in the Particles of the Water prevented a 
Separation between that in the Veſſel and 
that in the Capillary. Conſequently, as the 
Water in the Capillary was able in the former 
Caſe to ſuſtain as much Fluid as the Veſſel 
could contain, it is now ſufficient to ſuſtain the 
Fluid ADEC x. 

IX. Let there be a Capillary Siphon, as 
that repreſented, Fig. 23, 24 or 25, and let EF 
be the Height, to which Water might be raiſed 
by a Periphery equal to that at A. Now, ſince 
(as was obſerved, g. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri- 
phery ; let HI be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 


the Tube at C, if CD the Difference of the 


This happens quite otherwiſe in Vacuo, becauſe the Preſ- 
| ſure of the Air, which, as it were, connects the Drop with the 
Water ADEC, being wanting, it immediately falls for Want 
of a Support. Whereas the former Phænomenon equally ſuc- 
ceeds in Vacuo ; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the 
Capillary by their own mutual Attraction of Coheſion, there 
being nothing elſe whereby they can be ſupported. 


I : Legs 
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Legs exceeds EF and HI added together, 


otherwiſe not, 

For the Column AB is a Counterpoiſe to 
BD, being of the fame perpendicular Height; 
and therefore it is only che Weight of the Co- 


lumn CD, which determines the Fluid to move; 


unleſs that Weight therefore exceeds the Force 


of the attracting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 


C, that is, (ex Hypoth.) two Colimiti whoſe 


Heights are EF and HI, it cannot run out at 
-£ ; otherwiſe it will, as being deſtitute of 2 


ſufficient Support. 


X. If the End A is immerged in Water,and 


the other not (ſuppoſing the Tube full as be- 
fore,) it will run out at C, though CD the 


Difference of the Legs, only exceeds HI. For 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 


Power the End © has to prevent Drops from 


falling off it. 
Xl. Again, if the End C is immerged in 
Water, (and the other not) it will run out at 


C, if CD exceeds EF, otherwiſe not. 


For in this Caſe, there is nothing to ſupport 
the Column CD, but the attracting Periphery 


at A, whoſe Power is ſuppoſed able to raiſe a 


Column as EF, and no more, 


XII. And, if both Ends are immerſed (the 
Tube being ſuppoſed full as before) the Water 


will run, out at the lower, which ever it is. 


For 
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For then the Attraction of both Ends ceaſes , 
and the longer Column over-balancing the 
ſhorter, the Fluid is determined thereby to run 
out at the lower End. 


XIII. If either of the Tubes (Fig. 23 or 24.) | 


are ſmall enough to raiſe the Water from A to 
B, and if the Orifice A is immerged, the Fluid 


will riſe to B, paſſing on to C, where it will 
run out or be ſuſpended according to the fore- 
going Caſes : but if the Periphery at G (Fig. 
25.) is ſuch as would ſupport a Column of 


the Length of AM only, and if the Tube be 
filled from A to G (the Extremity A being 


ſtill immerged as before) the Liquor will pro- 


ceed no farther, but remain in the Poſition in 


which it is put. e 
For that Fluid which has paſſed B aſſiſts by 
its Weight the attracting Periphery in raiſing 


the Column AB, and therefore it runs down to 
C. But, if when the Tube is filled to G, the 


Periphery there is not able to ſupport more 
than AM the Difference of the Legs AB and 
BG, the Fluid muſt neceſfarily ſtand there ; 
ſince BG is no more than a Counterpoiſe to 


MB, and AM is ſuppoſed to be as much as 


the Periphery at G can ſuſtain. 


XIV. Tho' a Capillary Tube be ſhorter than 


the Height to which its attracting Periphery is 
able to raiſe a Fluid, v. g. tho' the Tube AB 


(Fig. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yer 


when the End A is immerged, the Fluid will 


12 not 


70 Of Capillary Tubes. Partll. 
not run out at B, but only be ſuſpended at 
that Height, 

For when the Fluid is riſen as high as B, 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up a 
little above the End, it would be attracted 
P | 
XV. The Aſcent of different Fluids in the 
ſame Tube is various. Mufſchenbroek has found, 
that in a Tube in which Water will riſe to 
the Height of twenty-ſix Lines, Oil of Worm- 
wood will riſe but eighteen or nineteen, where- 


as Urine will rife thirty-three or thirty-four. 


Hence we ſee the Abſurdity of ſuppoſing that a Fluid may 
be made continually to flow from a lower Place to an higher by 
a Capillary Tube, as ſuch ; for whether the Tube be of ſuch 


Form, as is repreſented, Fig. 23, 24, 25, or 26, the Fluid 
: r End; becauſe the 


will always ſtop when it comes at the hi 
Attraction is then in a Direction contrary to its Motion; and 
the Weight of the whole Fluid, if the Tube is ſtraight, or of 
ſo much as is contained in DC, the Difference of the Legs, if 
It be creoked, is likewiſe an Impediment in it. 


Hence alſo the Abſurdity of ſuppoſing a Fluid to circulate by 
Virtue of a Capillary Tube, as ſuch. For ſuppoſe the Ends of 
the Capillary Tube joined together, ſo that the Tube ſhall re- 
turn into itſelf; if the Tube be not full of Liquor, the Liquor 


will place itſelf as near as poſſible to the ſmalleſt Part of the 


Tube, as may eaſily be inferred from what was obſerved in 


§. 6. and will reſt there: if it be full, in which Caſe the Ex- 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lying part out of the Fluid, and part in it, and 
conſequently all Ground or Cauſe of Motion, ſo far as it ariſes 
from the Tube being capillary, is entirely taken away. And 
if Part of the Tube be capillary, and Part not, the Caſe is ſtill 
the ſame. How ridiculous then is it to affirm, as ſome have 
done, that the Circulation of the Animal Fluids is pro- 
5 2 by the Paſſages through which they flow, being of that 

me. : 


The 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs, than 
others are. Mercury exhibits Phænomena juſt 
the Reverſe of the former ; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to 
a Level with that on the Outſide. This is 
| becauſe the Particles of Mercury attract each 


other more forcibly than they are attracted by 
thoſe of Glaſs ?. * 


* See Jurin's Diſſert. Philoſoph. Tranſ. No. 363. 
According to Muſſchenbroet the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raiſing it; and there- 
fore in a longer Tube a Fluid riſes higherthan in one of the ſame 
Dimenſions that is ſhorter ; and if a Tube, with ſo much Fluid 
N contained in it, as it is able to raiſe, be laid in an Horizontal 
| Situation, the Fluid will run to the Middle of it. But of this 
I have had no Experience: "Tis poſſible that ingenious Profeſ- 
ſor, tho' very accurate in making Experiments, might herein 
be deceived. He acknowledges, (Experiment the fifteenth) that 
it ſometimes happens otherwiſe. | 


Other Authors, beſides thoſe already referred to, that have 

J | treated on this S ubject, are Beyle Exper. Phyſ. Mech. Exp. 9. 

8 Sturmius Colleg. Cur. Tentam. 8. Bernoulli Gravit. Æth. Hooke 

1 Microg. Obſer. 6. Leeuwenhoek Continuat. Arcan. Nat. Epiſt. 
| 131. Sinclaire Art, Gravit. 55 
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3 Of the Origin of Fountains. 


72 The Origin of Fountains. Part II. 


DISSERTATION UI. 


* 


A ANY have been the Conjectures of 
IVI Philoſophers concerning the Origin of 


= 


Fountains; and great Pains have been taken 
both by the Members of the Royal Society, 
and thoſe of the Academy of Sciences at Paris, 


in order to aſcertain the true Cauſe of it. It 


was ARISTOTLE's Opinion, and held by moſt 
of the antient Philoſophers after him, that the 


Air contained in the Caverns of the Earth, 


being condenſed by Cold near its Surface, was 


thereby changed into Water ; and that it made 
its Way through, where it could find a Paſ- 

| fage. But we have no Experience of any ſuch 
_ .Tranſmutation of Air into Water. 


Thoſe who imagine that Fountains owe 


their Origin to Waters brought from the Sea 


by ſubterraneous Ducts, give a tolerable Ac- 
count how they loſe their Saltneſs by Perco- 
lation as they paſs through the Earth; but 
find great - Difficulty in explaining by what 
Power the Water riſes above the Level of the 
Sea, to near the Tops of Mountains, where 


Springs generally abound; it being contrary 


| to the Laws of Hydroftatics, that a Fluid ſhould 


riſe 


Diſſert. 3. The Origin of Fountains. TY 
riſe in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
from this Difficulty. The one is that of 
Ds CARTES, who imagines, that after 
the Water is become freſh by Percolation, 
it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface ; where meet- 
ing with Rocks near the Tops of Moun- 


tains in the Form of Arches or Vaults, it 


ſticks to them, and runs down their Sides, 
(like Water in an Alembic) till it meets 
with proper Receptacles, from which it ſup- 


plies the Fountains. Now, this is a mere 


Hypotheſis withou Foundation or Probabi- 


lity; for in the firſt Place we know of no 


internal Heat of the Earth to cauſe ſuch 
an Evaporation ; or if that were allowed, yet 
*tis quite incredible, that there ſhould be any 
Caverns ſo ſmooth, and void of Protube- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIUs, Sc.) who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
Tubes by Attraction; but hereby they ſhew, 
that they are quite unacquainted with what 
relates to the Motion of a Fluid through ſuch 
Tubes. For when a Capillary Tube opens in- 
to a Cavity at its upper End, or grows larger 
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the ſame Fluid, as in this Caſe it is ſuppoſed 
. 


till being got to the Bottom of the Moun- 


Top, it breaks out of the Ground, and forms i 


ILE AU endeavour'd to make an Eſtimate of 
the Quantity of Rain and Snow, that falls in 
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and larger, ſo as to ceaſe to be Capillary at 
that End; the Water will not aſcend through 


that Tube into the Cavity, or beyond where ö 


the Tube is Capillary; becauſe that Part of 
the Periphery of the Cavity, which is partly 
above the Surface of the Water, and partly 
below it, is not of the Capillary Kind. Nay, 
if the Cavity is continually ſupplied with 
Water, it will be attracted into the Capil- 
lary Tube, and run down it, as through a 
Funnel, if the lower End is immerged in 


It has been a generally received Opinion, | 
and much eſpouſed by MAaRRIioTTE (a \ 
diligent Obſerver of Nature) that the\ Riſe 
of Springs is owing to the Rains and melted 
Snow. According to him, the Rain-Water, 


which falls upon the Hills and Mountains, 1 
penetrating the Surface, meets with Clay or 1 


Rocks contiguous to each other, along which 
it runs, without being able to penetrate them, 


tain, or to a conſiderable Diſtance from the 


Springs. ’„„ | 
In Order to examine this Opinion, Mr. 
PERRAULT, DE LA HIRE, and D. SipE- 


. See the foregoing Diſſertation, SeR. 14. 
the 
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the Space of a Year, to ſee whether it would 
be ſufficient to afford a Quantity of Water, 

equal to that which is annually diſcharged in- 
to the Sea by the Rivers. The Reſult of 
whoſe Inquiries was, that the Quantity of 
Rain and Snow which fell in a Year into a 
Cylindrical Veſſel, would fill it (if ſecured 
from evaporating) to the Height of about 
nineteen Inches. Which Quantity D. 81D E- 
LEAU “* ſhewed, was not ſufficient to ſup- 
ply the Rivers; for that thoſe of England, 
Ireland, and Spain diſcharge a greater Quan- 
tity of Water annually, than the Rain, ac- 
cording to that Experiment, is able to ſup- 
ply. Beſides which, another Obſervation was 
made by them at the fame Time, v2. that 
the Quantity of Water raifed in Vapour one 
Year with another, amounted to about Thirty- 

two Inches, which is thirteen more than falls 

in Rain: A plain Indication, that the Water 
of Fountains 1s not ſupplied by Rains and 


= melted Snow. 


Thus, the true Cauſe of the Origin of 
Fountain remained undiſcovered, till Dr. Har- 
1E in making his Celeſtial Obſervations upon 
the Tops of the Mountains at St. Helena, about 
eight Hundred Yards above the Level of the 
Sea, found that the Quantity of Vapour which 
fell there (even when the — was clear) was 


13 Fee of the 1 Academy of Sciences for the Year 
1693. 1 
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76 The Origin of Fountains. Part II. 
ſo great that it very much impeded his Ob- 
ſervations, by covering his Glaſſes with Water 
every half Quarter of an Hour; and upon that 


attempted to determine by Experiment the 
Quantity of Vapour, exhaled from the Surface 


of the Sea, as far as it riſes from Heat; in 
order to try, whether that might be a ſuffi- 


cient, Supply for the Water continually diſ- 


charged by Fountains. The Proceſs of his 
Experiment was as follows. He took a Veſſel 


of Water falted to the ſame Degree with that 
of Sea-Water, in which he placed a Thermo- 


meter; and by means of a Pan of Coals, 


brought the Water to the fame Degree of 
Heat, which is obſerved to be that of the Air 
in our hotteſt Summer: This done, he affix- 
ed the Veſſel of Water with the Thermome- 
ter in it, to one End of a Pair of: Scales, and 


exactly counterpoiſed it with Weights on the 
other. Then, at the End of two. Hours, he 


found by the Alteration made in the Weight 
of the Veſſel, that about a ſixtieth Part of an 
Inch of the Depth of the Water, was. gone off 
in Vapour ; and therefore in twelve Hours, one 
tenth of an Inch would have gone off, Now 


this accurate Obſerver allows the Mediter- 


ranean Sea to be forty Degrees long, and four 
broad; (the broader Parts compenſating. for 
the narrower ; ſo that its whole Surface is one 
Hundred and ſixty ſquare Degrees ;) which ac- | 


cording to the Experiment muſt yield at leaſt 
five Thouſand, two Hundred and eighty Mil- 


lions 
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lions of Tons of Water. In which Account, 
no Regard is had to the Wind, and the Agi- 
tation of the Surface of the Sea; both which 
undoubtedly promote the Evaporation. 

It remained now, to compare this Quantity 
of Water, with that, which is daily conveyed 
into the ſame Sea, by the Rivers. The only 


Way to do which, was to compare them with 


ſome known River; and accordingly he takes 


his Computation from the River Thames, and 
to avoid all Objection, makes Allowances, 


probably greater, than what were abſolutely 
neceſſary. 2 

The Mediterranean receives the following 
conſiderable Rivers, v2. the Berus, the Rhone, 
the Tibur, the Po, the Danube, the Nieſter, 
the Bori/thenes, the Tanais, and the Nile. 


Each of theſe he ſuppoſes to bring down ten 


Times as much Water as the Thames ; whereby 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20,300,000 
Tons of Water a Day. If therefore the above- 


faid nine Rivers yield ten Times as much 


Water as the Thames doth, it will follow, 
that all of them together yield but 1827 Mil- 
lions of Tons in a Day; which is but little 
more than one Third of what is proved to be 
raiſed in Vapour out of the Mediterranean 


- in the fame Time, We have therefore from 


hence a Source abundantly ſufficient for the 
Supply of Fountains. 5 
S 1 Now 


7 
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Now having found, that the Vapour exhaled 
dem the Sea, is a ſufficient Supply for the 


Fountains ; he proceeds in the next Place to 


confider the Manner in which they are raiſed"; 


and how they are condenſed into Water 
again; and conveyed to the Sources of 


Springs. AY 
In order to this he conſiders, that, if an 
Atom of Water was expanded into a Shell 


or Bubble, ſo as to be ten Times as big in 


Diameter as when it was Water, that Atom 


would become ſpecifically lighter than Air; 
and therefore would riſe ſo long as the Warmth 
which firſt ſeparated it from the Surface of 


the Water ſhould continue to diſtend it to 


the lame Degree; and conſequently, that Va- 
pours may be. raiſed from the Surface of the 
Sea in that Manner *, till they arrive at a cer- 

tain Height in the Atmoſphere, at which they 


find the Air of equal ſpecific Gravity with 
themiclves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 


heavier than 4 Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of Mountains, (many of which far ſurpaſs 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them; where being conden- 
ſed into Water they preſently piece and 


* See 7h; conf, OY in Diſtertation 6. | 
„ eee 
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gleeting down by the Crannies of the Stone, 
-Part of them enters into the Caverns of the 
Hills; which being once filled, all the Over- 
plus of Water that comes thither, runs over 
by the loweſt Place, and breaking out by the 
Sides of the Hills, forms fingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks: Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he obſerves, one would hardly 
think to be a Collection of Water condenſed 
out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs which 
break out on the South Side of the Carpa- 
thian Mountains, and on the North Side of 
the immenſe Ridge of the Alps; which is one 
continued Chain of Mountains from Switger- 
land to the Blacł-Sca. 
Thus one Part of the Vapours, which are 
blown on to the Land, is returned by the Ri- 
vers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
the Mediterranean as is raiſed in Vapour. 
A third Part falls on the Low-Lands, and is 
„ the 


11 


* 
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the Pabulum of Plants, where yet it does not 


reſt ; but is again exhaled in Ve by the 


; Action of the Sun, and is either carried by 
the Winds to the Sea, to fall in Rain or Dew 


tbere, or elſe to the Mountains, to become 
the Sources of Springs. 


However, it is not to be ſuppoſed, that all 


Fountains are owing to one and the ſame 


Cauſe ; but that ſome proceed from Rain and 
melted Snow, which ſubſiding through the 


Surface of the Earth, makes its Way into cer- 


tain Cavities, and thence iſſues out in the Form 
of Springs; becauſe the Waters of ſeveral are 
found to incredſe and diminiſh in Proportion to 


the Rain which falls: That others again, 
eſpecially ſuch as are ſalt, and ſpring near the 
Sea-ſhore, owe their Origin to Sea-Water 
petcolated through the Earth; and ſome to 
both theſe Cauſes: Though without doubt 


moſt of them, and eſpecially ſuch as ſpring near 


the Tops of high Mountains, receive their 


Waters from Vaſbucs,* as before explained &. 


M There i is a certain Species of 1 which ebb and flow 


. alternately, and ſome that ceaſe to flow for a Time, which from 


thence are called reciprocating or intermitting ones. Their Re- 


ciprocations may be accounted for in the following Manner. 


Let ABC repreſent one Side of an Hill in which there is a 


Cavity DEF, and from this a ſubterraneons Duct IKL. Now 


as this Cavity fills with Water (ſuppoſe from Vapours perco- 


lating through the Surface of the Hill, or in any other Manner 
| whatever) its Surface will riſe in the Du& as it does in the Ca- 
vity, till it arrives at M, the Level with the upper Part of the 


Dua; at which Time it will run over at K, filling KLA the 
other Part of the Duct. Now, if the perpendicular Height of 


the Point K above L (or rather above A) be greater than its per- 
— | 
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pendicular Height above I, the Column KLA will overpoiſe the 
Column Kl, and ſo cauſe the Water to run out at A, till its 
Surface in the Cavity ſinks as far as I, (provided the Duct is 
large enough to convey the Water away faſter than it enters the 
Cavity) at which Time the Fountain at A will ceaſe to play, till 
the Surface of the Water in the Cavity riſes again to M, and 
runs over at K as before. The Reaſon why the Water continues 
running (when the Duct is once full) till its Surface ſinks to I, 
is becauſe the Air preſſing againſt it as it runs out at A, 
and alſo upon its Surface in the Cavity, keeps the Duct full, 


as long as the Water in the Cavity is high enough to feed 
its Orihice at I. ; 


See more on this Subject in Philoſoph. Tranſat. No. 119, 
189, 192, 384, 424. Hiſtoire de I'Acad. 1693, 1703, 1713. 
Gulielmini della Natura de Fiumi. Dale's Hiſtory of Harwich. 
Marriotte's Hydroſtatics. Nieuwentyt Contempt. 19. Varenius 
Geograph. Cap. 16. Regnault, Vol. 2. Converiat. G. Hale;'s 
Statical Eſſays, Vol. 1. Experiment 19. Micholettus in Append. 
ad F. Bernoulli: de Efferveſe. 
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"DISSERTATION IV. 


1 N treating of the Properties of the Air 
1 (Chap. III.) I have already taken Notice 
of the Conſtruction of the common Barome- 
ter; and proved, that the Aſcent and Suſ- 
penſion of the Mercury therein, is owing to 
the Preſſure * of the Air. I proceed now to 
a more particular Inquiry into the Original, 
and Uſe of this Inſtrument; and the diffe- 
rent Forms under which it has appeared, ſince 
the Time of its Inventor Torricelli. 


* 


* 
« . 


Jo ſay the Aſcent and Sufpenſion of the Mercury is owin 
to the Preſſure and Elaſticity of the Air, as is commonly done, is 
| Inaccurate, The Variation, indeed, in the Height of the Mercury, 

may be aſcribed to the Elaſticity of the Air, but no otherwiſe, 
khan as to its remote Cauſe 5 wiz, as it occaſions an Alteration in 
the Quantity of Air, 1 7 over the Place where the Varia- 
tion happens; which alters its Weight, and ſo the Mercury is 
proportionably raiſed or depreſſed. To iHuftrate this, let it be 
eppoſed, that the Air is every where in Æquilibrio, quite round 
the Globe, and at perfect Reſt ; and then, that its Elaſticity, in 
ſome one Place near the Surface of the Earth, is augmented by the 
Heat of the Sun, all the teſt of it remaining as before. The Con- 
ſequence of this will be, that the ſuperior Part of the Atmoſphere, 
over this Place, will be raiſed higher by the Expanſion of the 
inferior Air; and therefore, being unconfined, will ſpread itſelf, 
every Way, over the neighbouring Columns, which we ſuppoſe 
to retain their former State. The Quantity of Matter therefore 
in thoſe Columns of Air, in whoſe lower Parts its Elaſticity 
was increaſed, will be diminiſhed, and-that of the neighbouring 
pang . ones 
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In the Beginning of the laſt Century it was 
a prevailing Opinion among Philoſophers, that 
the Univerſe was full of Matter; and that Na- 


ture (as they expreſſed it) abhorred a Vacu- 


um: Accordingly they imagined, that if a 


Fluid was ſucked up a Pipe with a ſufficient 


Force, it would riſe to any Height whatever; 
fince Nature would not ſuffer any Part of the 
Pipe to be empty. Galilæo, who flouriſh- 
ed about that Time, found upon Trial, 'that 
the common Pump would not raiſe Water, 
_ unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well : From 


ones augmented. A Barometer therefore placed in thoſe Regions, 
where the Air was rarefied, will ſubſide; while one in the neigh- 
bouring Countries will aſcend ; and they will continue at different 
Heights, till the denſer Air, ruſhing in upon the rarefied, reſtores 


the Ægnuilibrium. Thus we ſee, the Variation of the Air's-Elaſ- 


ticity is not the immediate Cauſe of the Variation in the Bargme- 
ter ; it firſt affects the Weight of the Air, by altering the Quan- 
tity incumbent. over any Place, and that affects the Barometer. 


But, if we may have Recourſe to remote Cauſes, we may, if we 
pleaſe, 57 one Step farther; and 175 the Aſcent and Suſpenſion 


of the Mercury is owing to the Heat of the Sun; for, by the 
foregoing Inſtance, a Variation in the Heat of the Sun may 
ſometimes be the Occaſion of a Variation in the Height of the 
Mercury. 55 „ i be AY 7 

Neither is the Suſpenſion of the Mercury, in a Tube, that is 


kept within Doors, to be aſcribed to the Elaſticity of the Air; for 
that exerts no Force, but as the internal Air is preſſed by the exter- 


nal, which endeavours to get in, where- ever it can find a Way. 


lt is a common Notion, that a ſucking Pump will not raiſe 


Water above thirty-three Feet, whereas it will raiſe it to any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
che Surface of the Water; as will be evident to any one that con- 


ſcders the Structure of the Pump: Yor all the Water, which has 
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hence he judiciouſly inferred, that a Column 


of Water thirty-three Feet high was a Coun- 


terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 
moſphere ; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Torriceili, obſerving this, took the Hint; and 


conſidered, that, if a Column of Water of 


about thirty-three Feet was equal in Weight 
to a Column of Air of the ſame Baſe 8; a 
once paſſed through the Valve in the Sucker, i ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 


together with the Water between that and another placed in the 
Pump below, is ſupported by that other; ſo that the Height of 


the Water above the Sucker can be no Impediment to the riſing 


of the Water below. the Sucker, whatever the Length of the 


Column, which it forms, may be. The placing one Pump 


above another, where Water is to be raiſed from great Depths, 
is tather for Strength and Conveniency, than out of Neceſſity. 


J Perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed to have an equal Baſe with the 
ſuſpended Column in the Tube; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury ? The Reaſon is, 


that, as the Baſe of the Column of Air increaſes, in the ſame 
Proportion the Velocity, wherewith it deſcends, decreaſes, when 


it forces down the Surface of the Mercury in the Baſon; conſe- 
quently its Moment, or Preſſure upon the Surface of the ſtagnant 
Mercury (ſo far as it relates to the ſuſpending of it in the 'I'ube) 
is no greater, than it would have been, had its Baſe been equal 


do that of the ſuſpended Column; and therefore, in 1 ; 


it as ſuſpending a Fluid in a Tube, it is properly enough ſai 
to be a Column of ſuch a Baſe. | 
Neither is this Suppoſition inconſiſtent with the ninth Propoſi- 
tion of the firſt Chapter, where it is demonſtrated, that the Preſ. 
ſure of a Fluid is in Proportion to its perpendicular Height, and 
the Quantity of Surface, againſt which it preſſes. For, as the 
Surface of the Mercury may be conſidered as a Baſe on which the 
N 2 Column 


— 1 


li 
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Column of Mercury, no longer than about 
twenty- nine Inches and a half, would be ſo too; 
ſuch a Column of Mercury being as heavy, as 
thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. §. 4.) ane tio 


found it to ſucceed +.” The Apparatus he made =o 
ite ies, FFC {1 ſo 
Column of Air reſts, ſo the Baſe of the Column of Air may be } ar 
conſider d as a Surface againſt which the Mercury preſſes. Theſe 7] fr 
two being equal, tis clear, that only the Relation of the Heights I n 

of the Columns are to be conſidered, and not that of their Baſes. ' — 

r Notwithſtanding this clear Proof of the Preſſure of the At- . 
moſphere, the Aſſertors of a Plenum would by no Means be 0 
prevailed upon to allow it to be ſuch; but tried all Ways to 1 
account for this Phenomenon from ſome other Cauſe. The moft ' 
 Chimerical Solution, and which at the ſame Time gave the ad- 


_ verſe Party the greateſt Difficulry to overthrow it, was that of | 
Linus. He contended, that in the upper Part of the Tube, there 
is a Film, or Rope of Mereury, extended thro* the ſeeming Va- 
cuity, and that the reſt was ſuſpended by it, and kept from falling 
into the Baſon ; and that this Film is able to ſupport about 
twenty- nine Inches of Mercury, He confirms his Hypotheſis by 
the following Experiment: Take, ſays he, a ſmall Tube, open 
at both Ends, ſuppoſe about twenty Inches long; fill this Tube 
with Mercury, ſtopping the lower Orifiee with your Thumb: 
Then cloſing the upper with your Finger, and immerging the 
lower in ſtagnant Mercury, you ſhall. perceive, upon the Re- 
moval of your Thumb, a manifeſt Suction of your Finger into the 
Tube; and the Tube and Mercury will both ftick ſo cloſe to it, 
that you may carry them about the Room. Therefore, ſays 
he, the internal Cylinder of Mercury in the Tube is not held 
up by the preponderant Air without; for if ſo, whence comes 
fo ſtrong a Suction, and fo firm an Adheſion of the Tube to 


1 3 


your Finger? n | 7 F- 
Or if you fill the ſame Tube almoſt full of Mercury, leaving a 
little Space of Air within, and then immerge it in the ſtagnant 
Mercury, you will find, that, notwithſtanding its Surface is at 
ſome Diſtance from your Finger, there will be a conſiderable Sue- 
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Uſe of, is now 2755 common 1 Barometer, or 
Weather Glaſs * 


The Mercury ſtanding at a. leſs Height, the 


nearer it is carried to the Top of the Atmoſphere, 


tion of i it, as viene From hence he inſers, that the Fi inger ſup- 
ports the Mercury, by Means of the abovementioned Film, and 
that the Preſſure of the Atmoſphere is not concerned, 
But, when it was found, that the Mercury would not ſand 
ſo high- in the Tube, on the 'Top of a Mountain, as below ; 
and would quite fall, when the circumambient Air was extracted 
from it by the Pump, all Objections vaniſhed ; and Linus's fu- 
nicular Hypotheſis (as it was called) though it ſeemed to ſolve all 
other Phenomena relating to the Suſpenfion of the Mercury, was. 
with Juſtice rejected. | 
- Kircher, when this new Doctrine of a Vacuum was firſt advan- 
ced at Rome, contended, that the Authors of it were eſtabliſhing 


A =o] es not only repugnant to thoſe of Nature, but ſuch as 
P 


would be prejudicial to the Orthodox Faith; as endeavouring ta, 
evince by this ſubtle Experiment, that there might be in Nature 


locatum fine loco, accidentia fine ſubjecto, and therefore made the 


Experiment with Water, i in the following Manner. He cauſed a 
{mall Bell to be fixed in the upper Part of the Tube, imagining, 


that, if there ſhould be a Vacuum, the Bell would not be made 


to ſound : But in making the Experiment, ſome.Air got into the 
Tube (for he tells us, that but ten Feet of. Water remained in the 


Tube, after it was inverted) the Bell therefore was heard to 


found ; and fo the Notion of a Vacuum, till more accurate Expe- 
riments evinced the. contrary, was exploded with Contempt. 


= Huygens obſerved, that, if a Tube ſeventy-five Inches long, 
was filled with Mercury well purged of its Air, the whole Quan: 
tity of Mercury would remain ſuſpended ; whereas, according to, 


the Torricellian Experiment, the Mercury ought to have ſublided 


to the Height of about twenty-nine Inches. 
The Cauſe of this Phenomena ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was preiled i into ſo 


cloſe Contact with the Glaſs in pouring in, that by the mutual 
Attraction of Coheſion between the Mercury and the Glaſs, ths 


whole Column was ſaſtained, after the Tube was inverted. 


5 M 3 (Chap. | 
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(Chap. III. F. 7.) renders it uſeful in determin- 


ing the Height of Mountains; and finding out 


the different Elevation of one Place above ano- 
ther. Accordingly, Dr. Halley has given us a 
Table for that Purpoſe, in the Philoſophical 


Tranſactions N'. 381, ſhewing how many Feet 


each Inch in the Deſcent of the Mercury an- 


ſwers to, as it is conveyed to the Topofa Moun- 
tain, or other elevated Place. And Dr. Nettleton 
has done the like in the Philoſophical Tranſac- - 


tions No. 388, ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 


twenty-lix to thirty-one Inches of Mercury, 7 

But the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to rette the Alterations of the Wea- 


ther, which are conſequert thereon, To this 


End, Dr. Halley in the fame Tranſaction has 


| alfo laid down the more remarkable Phæno- 
mena, relating to the different Heights of the 


Mercury at different Times, together with the 


Solution of each; which are ſo juſt, and fo 
- agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than to 
render it imperfect, by endeavouring to vary 
from it, or abridge it. | 


d 1, In calm Weather, when the Air is in- 


« clined to Rain, the pe is commonly 
. low. x 


. 0 
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+ _* 2. In ſerene, good, and ſettled Weather; 


the Mercury 1s generally high. 
6 3. Upon very great Winds, though they 
be not accompanied with Rain, the Mercury 


ſinks loweſt of all, with Relation to the 


Point of the Compaſs the Wind blows upon, 


4. Cateris paribus, the greateſt Heights 


* of the Mercury are found upon eaſterly and 
| north-eaſterly Winds. 


In calm froſty eber, the Mercury 
generally ſtands high 


6. After very — 9 Storms of Wind, 


when the Mercury has been low, it gene- 


rally rifes again very faſt. 


567. The more northerly Places have greater 
Alterations of the Barometer, than the 
more ſoutherly. 


8. Within the Tropics, and near them, 


thoſe Accounts we have had from others, 


and my own Obſervations at St. Helena, 


make very little or no Variation of the 
Height of the Mercury in all Weathers. 

Hence I conceive that the principal Cauſe 
of the Riſe and Fall of the Mercury, is from 
the variable Winds, which are found in the 
temperate Zone, and whole great Uncon- 


* ſtancy, here in England, is moſt notorious. 


ct A ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapours lodging in 
the Air, whereby it comes to be at one Time 


8 much more crouded than at another, and 


4 „ 
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& conſequently heavier, but this latter in a great 
« Meaſure depends upon the former. Now, 
e from theſe Principles, I ſhall endeavour to 
ec explicate the ſeveral Phenomena of the Ba- 
© rometer, taking them in the ſame Order I 
« laid them down. Thus, 
1. The Mercury's being low inclines it 


« to rain, becauſe, the Air being light, the N we 
« Vapours are no longer ſupported thereby, : 5 
« being become ſpecifically heavier than the 3 
ce Medium wherein they floated, fo that they 80 
« deſcend towards the Earth, ind | in their Fall, | "0 
< meeting with other aqueous Particles, they | M 
* jncorporate together, and form little Drops OO, 
© of Rain; but the Mercury's being at one 1 
« Time owe than at another, is the Effect of 9 
e two contrary Winds blowing from the Place _ YL 
de where the Barometer ſtands ; whereby the AS 
Air of that Place is carried both Ways from 7 
« it, and, conſequently, the incumbent Cylin- ; 
« der of Airi is diminiſhed, and accordingly the 


| « Mercury ſinks: As for Inſtance, if in the 
f e German Ocean it ſhould blow a Gale of Lis 
T7 „ weſterly Wind, and at the ſame Time an 

3 ce eaſterly Wind in the iſp Sea; or if in 
| . France it ſhould blow a northerly Wind, 

| and in Scotland a ſoutherly ; it muſt be 

granted, that that Part of the Atmoſphere, 
« impendant over England, would thereby be 

x ___* exhauſted and attenuated; and the Mercury 
N 0 thre hs ſubſide, FO the YAO, which be- 
N | Ep 
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fore floated in thoſe Parts of the Air of 
equal Gravity with themſelves, would fink 


to the Earth. 


« 2, The greater Height of the Barbies 
is occaſioned by two contrary Winds blow- 


ing towards the Place of Obſervation, where- 
by the Air of other Places is brought thither 


and accumulated; ſo that the incumbent 
Cylinder of Air, being encreaſed both in 
Height and Weight, the Mercury preſſed 


thereby muſt needs ſtand high, as long as 


the Winds continue ſo to blow; and then 


the Air being ſpecifically heavier, the Va- 
pours are better kept ſuſpended, ſo that they 
have no Inclination to precipitate and fall 
down in Drops, which is the Reaſon of the 
ſerene good Weather which attends the : 


greater Heights of the Mercury. 


3. The Mercury ſinks the loweſt of all by 
the very rapid Motion of the Air in Storms 
of Wind. For the Tract or Region of the 
Earth's Surface, wherein the Winds rage, 


not extending all round the Globe, that 
ſtagnant Air which is left behind, as like- 
wiſe that on the Sides, cannot come in ſo 
faſt as to ſupply the Evacuation made by ſo 
ſwift a Current, ſo that the Air muft neceſ- 
ſarily be attenuated, when and where the 


faid Winds continue to blow, and that more 


or leſs, according to their Violence: add 


to which, that the horizontal Motion of the 


ee Air 


92 Of the Barometer. Part Il, 
« Air being ſo quick as it is, may, in all Pro- 
e bability, take off ſome Part of the perpendi- 


* 


cc 


« tation of its Particles is the Reaſon why the 


« Vapours are diſſipated, and do not condenſe 


into Drops, ſo as to form Rain, otherwiſe 


« the natural Conſequence of the Air's Rare- 


« faction . 1 IM? 

4. The Mercury ſtands the higheſt upon 
te the eaſterly: and north-eaſterly Wind, be- 
cauſe in the great Atlantic Ocean, on this 
« Side the thirty-fifth Degree of north Lati- 


Land 
a 


here the Wind comes up at eaſt and north- 
<« caſt, tis ſure to be checked by a contrary 
Gale as ſoon as it reaches the Ocean; where- 
fore, according to what is made out in our 


N 
* 


ſecond Remark, the Air muſt needs be heap- 


- + The Reaſon the Doctor affigns for the finking of the Mer- 
cury the loweſt of all in violent Storms of Wind, ſeems not ſuf- | 


ficient. Perhaps it may be better accounted for thus; the Cauſe 
why the Wind blows at all, is in order to veſtore the AZquilibrium 


of the Atmoſphere, when loſt (as may be inferred from what was 


ſaid in the firſt Note of this, and will be more largely explained in 
the following Diſſertation ;) it therefore always blows towards 
that Point, where the Air is moſt rarefied and lighteſt. Now the 


Air, in its Progreſs to that Point, muſt certainly move faſter and 


faſter ; for the Cauſe, which gave it Motion at firſt, continues to. 


act upon it all the Way. Conſequently, in whatever Place the 


Wind blows with great Rapidity, that Place 1s at, or near the 


Point, where the Air is moſt rarefied, and lighteſt ; which is a 
ſufficient Reaſon for the Mercury's ſtanding low at that 


Place. 


(6 ed 


cular Preſſure thereof; and the great Agi- 


tude, the Winds are almoſt always weſter- 
„ ly or ſouth-weſterly ; ſo that, whenever 
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ce ed over this Iſland, and conſequently the 
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Mercury muſt ſtand high, as often as theſe 
Winds blow. This holds true in this Coun- 
try, but is not a general Rule for others, 
where the Winds are under different Cir- 


cumſtances; and I have ſometimes ſeen the 
Mercury here as low as twenty- nine Inches 
upon an eaſterly Wind, but then it blew ex- 


ceeding hard, and ſo comes to be accounted 
for, by what was obſerved upon the third 
Remark. | 

In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as I con- 
ceive) it ſeldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 


Quarters ; or, at leaſt, unleſs thoſe Winds 


blow at no great Diſtance off: For the 
north Parts of Germany, Denmark, Swe- 


den, Norway, and all that Tract from 
whence north-eaſtern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 


much condenfed, and in that State is brought 


hitherwards by thoſe Winds, and being ace 
cumulated by the Oppoſition of the weſter- 
ly Wind blowing in the Ocean, the Mer- 


cury muſt needs be preſſed to a more than 


ordinary Height; and, as a concurring 


Cauſe, the ſhrinking of the lower Parts of 


the Air into leſſer Room * Cold, muſt 
N needs 
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0 n cauſe a Deſcent of the upper Parts of 


the Atmoſphere, to reduce the Cavity made 
by this Contraction to an Aquilibrium. fy 


« 6. After great Storms, when the Mer- 


cury has been very low, it generally riſes 
again very faſt: I once' obſerved it to riſe 
one Inch and a half in leſs than fix Hours, 
after a long continued Storm of ſouth-weſt 
Wind. The Reaſon is, becauſe the Air be- 


ing vety much rarefied, by the great Eva- 


cuations which ſuch continued Storms make 
thereof, the neighbouring Air runs in the 
more Fwiftly, to bring it to an Æquilibri- 
um; as we ſee Water runs - the faſter for 
having a greater Declivity. 


ny The? ariations are greater in the n more 


northerly Places, as at Szockbolm, greater 
than that at Paris (compar d by M. Poſ- 
chal;) becauſe the more northerly Parts 
have uſually greater Storms of Wind than 


the more ſoutherly, whereby the Mercury 


ſhould ſink lower in that Extream; and 
then the northerly Winds bringing the more 


denſe and ponderous Air from the Neigh- 


bourhood of the Pole, and that again being 


checked by a ſoutherly Wind at no great 
Diſtance, and ſo heaped, muſt of Neceſſity 


make the Mercury in ſuch Caſe ſtand 2 
in the other Extream. 


* 8, Laſtly, 
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« 8. Laſtly, this Remark, That there is lit- 
«'tle or no Variation near the Egquinoctial, 
% does above all others confirm the Hypothe- 


6e / of the variable Winds being the Cauſe of 


<«. theſe Variations of the Height of the Mer- 
«© cury; for, in the Places above- named, ther-: 


© js always an eaſy Gale of Wind blowing 


© nearly upon the fame Point, vi. eaſt-north- 
s eaft at Barbadoes, and eaſt-ſouth-eaſt at St. 


« Helena *, ſo that, there being no contrary 


. Curtents of Air to exhauſt or. accumulate 
« ' it, the Atmoſphere continues much in the 
ee ſame State: However, upon Hurricanes (the 
* moſt violent of Storms) the Mercury has 
e been obſerved very low, but this is but 


— 


La) 


ce once in two. or three Years,. and it ſoon re- 


25 covers its ſettled State, about 29 4 ; Inches.” 

e e ee for the De- 
ſcent of the Mercury before Rain, upon an- 
other Principle , v/z. as a Body ſpecifically 
lighter than a Fluid, while it is ſuſpended by 


it, adds more Weight to that Fluid, than 


when, by being reduced in its Bulk, it be- 
comes ſpecifically heavier, and deſcends ; ; lo 
the Vapour, after-it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 
the Air, than before; and therefore the Mer- 


® See the Cauſe of this aſſigned in the following Diflertation. 


+ Memoir. de l' Acad. 1711. 
| cury 
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cury falls. To which it is anſwered, 1/f. 
That, when a Body deſcends in a Fluid, its Mo- 


tion, in a very little Time, becomes aniform, 


{ot neafly ſo) a farther Acceleration of it be- 
ing prevented by the Refiſtance of the Fluid; 
and then, by the third Law of Nature, it pref. 
ſes the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight.  2dly.: The Mercury, by its Deſcent, 


foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 


falling. 2dly. Suppoſing that as many Va- 
rs as fall in Rain, during the Space of a 


whole Year, were at once to be condenſed 
into Clouds, and even quite ceaſe to gravitate 
upon the Air, its Gravity would ſcarce be di- 
miniſhed thereby, ſo much as is equivalent 
to the Deſcent of two Inches of Mercury in 


the Barometer. Farther, in many Places be- 


tween the Tropics, the Rains fall at certain 
Seaſons, in very great Quantities , and yet the 
Barometer ſhews there very little or 30 Alte- 
ration in the Weight of the Air. 
The following are Mr. Patrick's Obſerva- 
tions on the riſing and falling of the Mercury. 
They are very aſt, and are to be accounted 


7. See wee VIth.. 1 


for 
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for on the ſame Principle with thoſe of Dr. 
_ 7 


« 1. The riſing of the Mercury preſages i in 


&, general fair Weather ; and its falling, foul 


Weather; as Rain, Snow, high Winds and 
Storms. 

2. In very; hot Weather, the falling of 
0 the Mercury foreſhews Thunder. 

A In Winter the riſing preſages Froſt ; 
1 9 in froſty Weather, if the Mercury falls 
* three or four Diviſions, there will certain- 


* y follow a Thaw. But in a continued 


Froft, if the Mercury riſes, it will certain- 
« /y ſhow. 

. When foul Weather happens ſod after 
10 the falling of the Mercury, expect but little 
« of it. And, on the contrary, expect but 


te little fair Weather, when it proves fair 


* 


Saar after the Mercury has riſen. 


* 2 


9 riſes much and high, and ſo continues for 

tc two or three Days before the foul Weather 

« ig 5 quite over, then expect a Continuance of 
« fair Weather to follow. ER, 

« 6, In fair Weather, when the Mercury 

cc falls much and low, and thus continues for 

« two or three Days before the Rain comes; 


0 


e then expect a great deal of wet, ad pro- 


40 * bably high Winds, 


e . The 


In foul Weather, when the Mercury ; 


Da a : D * a — * 
* * - 
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. The unſettled Motion of the Mercury 
* denotes uncertain and changeable Weather; 

« 8. You are not ſo ſtrictly to obſerve the 
* Words engraved on the Plates (though, for 
* the moſt Part, it will agree with them) as 
* the Mercury's Rhing and Falling: For if 


vit ſtands at Much Rain, and then riſes up 


© to Changeable, it preſages fair Weather, al- 


though not to continue ſo long, as it would 
© have done, if the Mercury were higher: 
And ſo on the contrary; if the Mercury 


©« ſtood at Fair, and falls to  Changeable, it 


© preſfages foul Weather; though not fo much 


<* of it, as if it had ſunk down lower.“ 


From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury 
in the Tube, that indicates the Weather, as the 


Motion of it up and down; wherefore in Or- 
der to paſs a right Judgment of what Weather 


is to be expected, we ought to know, whe⸗ 


ther the Mercury is actually Riſing or Falling 


to which End, the following Rules are of 


1. If the Surface of the Mercury is convex, 


ſtanding higher in the Middle of the Tube 


than at the Sides, it is generally a Sign that 
the Mercury is then riſing. = IE 


2. If the Surface is concave, or hollow in 


the Middle, it is ſinking. And, Dy 
3 
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3. If it is plain, the Mercury i is ſtationary, 
or rather, if it is a little convex ; for Mercur 
being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally-have its Sutface a little con- 
vex; becauſe the Particles of Mercury attract 
each other more forcibly than aw 3 are attract. 
ed by Glaſs. Further, AT. 4 

4. If the- Glaſs is ſmall, ſhake the Tube 
and if the Air is grown heavier, the Mercury 
will riſe about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
it will fink as much. This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
which prevents tlie free Motion of it, till it is 

diſengaged by the Shock. And therefore, when 

an Obſer vation is to be made with ſuch a Tube, 
it ought always to be ſhaken firſt; for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it ought t to have | in- 
dicated, is preſent.” 


The Uefolneſs of e whether the 
; Mercuty i is actually riſing or falling, and the 
Advantage that would ariſe from perceiving 


the moſt minute Variations in eftimating the 


Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torricellian, though founded on 
the ſame Principle ; wherein the Scale of Vari- 

? ation, which in that i is not above three Inches, 


N {hould 
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ſhould be wer wee larger, Of which Iam 


now to give ſome Account. 


1. The firſt is that of Des Gartes, which was 


made in the Form expreſſed, Fig. 28. where 


A B is a Tube hermetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnant 
Mercury E F, and filled with the ſame Fluid 


to G, from thence to H with Water, and emp- 


ty from thence to the Top. Now, when the 


Mercury riſes in this Tube, ſuppoſe from G to 5 


L, the Water will be raiſed ; in the ſmall Tube, 

perhaps from H to M, viz. as many Times. 
further, as the Tube. CA i is ſmaller than CD; 
by which Means the Variations become much 
more ſenſible, than they are in the common 


Barometer. The Inconvenience of this Was, 


that the Air, included. in the Water, getting 


looſe by Degrees, filled the void Space at the 


Top, and ſo. Toile the Machine, 
2. He then contrived it thus, ABC . Fig. 29.) 


is a bent Tube hermetically ſealed at A, filled 


with Water from F to D (tinged with Aqua 
Regia to prevent is freezing) from D to E with 
Mercury, and empty from, thence to the Top, 
Then, upon the Mercury's rifing, ſuppoſe from 


* A Tube is ſaid to * 8 ſealed, when the End is ſo 
cloſed, that nothing can poſſibly evaporate through it, And, be- 
cauſe this is beſt done, when it is cloſed up with its own Sub- 
ſtance z or when its Bore does not reach quite to ie End of it, it 


is chen ſaid to be hermetically ſcaled, 


Eto 
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E to M. and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was ſmaller than GH. The 
Water here is liable to evaporate, though that 
may, in ſome Meaſure, be prevented, by pour- 
ing a few Drops of Oil of ſweet Almonds 
upon it. Others have contrived, 
3. The Horizontal or Rectangular Barome- 
ter (Fig. 30.) hermetically ſealed at A, and 
filled with Mercury from D to E; then, as the 
upper Surface of it riſes in the Tube, ſuppoſe 
from E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
behind. This Inconvenience is remedied in, 

4. The Diagonal Barometer ABC (Fig: 31.) 
wherein the Mercury, inſtead of riſing from B 
to D ( ſuppoſe that Space to correſpond to the 
Scale of Variation in a ſtrait Tube) will riſe 
from B to A; for it will always ſtand at the 
ſame perpendicular Height, whatever be the 
Inelination of the Tube; becauſe Fluids preſs 
only according to their perpendicular Alti- 
tude *. But AB the upper Part of the Tube 
muſt not be too much inclined, leſt the Mer- 
cury break in it, as in the former. 


C Chapter I, 5. 9. 85 
„ 5. AB 
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5. AB (Fg. 32.) is Dr. 'Rook's Wheel- 


eee wherein ABD is a Tube filled 
with Mercury from à to E; a is an Iron Ball, 
ſwimming on the Surface of the Mercury ; this, 
as it ſubſides with the Surface of the Mercury, 


draws the little Wheel n round, to whoſe 
Circumference it is fixed by Means of the 


String ac*:; This Wheel carries the Index 
PQ, which points to the graduated Edge of 


the Circle KL, and by its Motion ſhews the 
moſt minute Variations of the Mercury. When 
the Ball à is raiſed by the Mercury on which 
it ſwims, the Index is drawn the contrary 
Way by a leſſer Ball &, which hangs on the 
on the other Side the Wheel. The Friction 
in this Machine, unleſs it be made with great 
Accuracy indeed, renders it uſeleſ NJ 

6. The pendant Barometer is another Con- 


trivance to render the Variations more ſenſible. 


It conſiſts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 


thence to A. Now, ſuppoſing the Gravity of 
the Air encreaſed, it will raiſe the Mercury 


higher in the Tube, and ſo force it into a nar- 
rower Part; by which Means the Column be- 


coming longer, its perpendicular Preſſure 4 
the Air below wh be Prdpontionaeyy encreaſed. 


* The Tube is ſmaller at @ than at E, es the 1 * 
tion may be at that Surface of the Mercury « on which che Ball 


On 


reſts. 


+ . 
1 
f 


+ 5 
1 
f 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 
Inconvenience that attends this Barometer, is 
that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 


apt to get into it, and divide the Column in 


ſeveral Places; and when the Tube is very 
ſmall, the Friction of the Mercury againſt the 
Sides of it, will hinder it from riling and fall⸗ 
ing freely. 

7. Dr. Hooꝶ, oblirving; how unfit the com- 


mon inter was to be uſed on Board of 


Ship, by Reaſon its Poſition ought to be ſteady, 


contrived the following one, called, from its 
Uſe, a Marine Barometer, conſiſting of two 

. Parts, the one AB (Fig. 34.) the common 
5 Spirit Thermometer, the Wks CD, a Tube fil- 
led with Air from C to E, and Goh thence to 


the End D with tinged Water. . This End is 
immerged in the ſame Fluid contained in the 
Veſſel G F; and having its Surface expoſed to 


the Prefifire of the external Air. Now, the laſt 


of theſe Machines will be affected both by the 


Warmth of the external Air, and alſo 4 its 


Preſſure: The former dilating the Air includ- 


ed in CE, and by that Means driving the Wa- 


ter downwards ; the latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, is 


affected I the Warmth of the Air alone. Con- 


0-4 ſequently, 
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ſequently, were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex- 
ternal Air ſhould always remain the ſame it 
was when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 
ſhould exactly correſpond with each other; 
that is, When the Spirit in the Tube AB 
ſhould aſcend to x, the Water in CD ſhould 
deſcend to 1, &c. Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difference could only be aſcribed 
to ſome Alteration in the Preſſure of the Air 
upon the Surface of the Water in the Veſſel 
GF. In Proportion therefore as the Diffe- 
rence is greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was when 
the Waagen were adjuſted. For Inſtance, 
when the Water ſtands above the Diviſion, 
which correſponds to that, which the Spirit 
points to in the other Machine, it is an Ind | 
cation, that the Preſſure of the Air is greater 
wu at that Time, than when the Inſtruments 
b were graduated, and vice verſe, 


at ; This Machine is not only more uſeful at 

= Sea, than the common one, as not requiring 

Ki] a ſteady Poſition ; but may have its Scale of 
7 Variation conſiderably enlarged, by making 

| j' 7 the Bore of the Tube CD very ſmall, in Pro- 
| on. portion to the Capacity of its Head C. 


But 
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But it is obſerved, that, in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 


the Water ſtands higher than it ought, and 


therefore indicates the Gravity of the Air to 
be greater than what it is. 8 

In the Philoſophical Tranſactions, Ne. 427. 
J have given an Account of a Barometer, 
wherein the Scale of Variation may be en- 
creaſed ad Infinitum. Tho Deſcription of it 
is as follows: ABCD (Fig. 35.) is a cylin- 
drical Veſſel, filled with a Fluid to the Height 
W, in which is immerged the Barometer 


8 V, conſiſting of the following Parts: The 


principal of which is a Glaſs Tube TP, (re- 
preſented ſeparately at f p) whoſe upper End 


T is hermetically ſealed: This End does 
not appear to the Eye, being received into 


the lower End of a Tin Pipe G H, which 


in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST may be taken off, in 


order to put in its ſtead a larger, or leſſer, 


as Occaſion requires. S is a Star at the Top 


of the Rod ST, and ſerves as an Index, by 
pointing to the graduated Scale L A, which is 
fixed to the Cover of the Veſſel ABCD. 


MN is a large cylindrical Tube made of 
Tin (repreſented ſeparately at mn) which 
receives in its Cavity the ſmaller Part of 


the Tube TP, and is well cemented to it 
T9. i i 
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at both Ends, that none of the F luid may pet 
in. a 
Wh Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
be ſo poized, as to float in the Liquor con- 
tained in the Veſſel ABCD, and then the 
whole Machine will riſe, when the Atmo- 
ſphere becomes lighter, and vice verſe. Tags 
I ſhall here add a Computation, in order to 
| ſhew the Poflibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal the 
Reaſon why it may be ſo. Thoſe who would 


ſee a Mathematical Fromm of it, 7 conſult 
the Note en“. * . 
| 5 Let 


et the 1 Gravity of QuickGlver be to that of Water, 
or to the Liquor the Barometer floats in, as; to 1; and if it be 
propoſed, that the Variations in this compound Barometer ſhall 
be to the contemporary Variations of the common Barometer in 
the given Ratio of z to 1, this Effect will be obtained, by making 
the Diameter of 2 Rod ST to the Diameter of the Cavity of the 


5 


, which may be thus demonſtrated. 


Let us 3 aa the Patient in the Height of the Quick- 
ſilver in the common Barometer, which we will call v, is ſuch, 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum XT; 
in order to which, a cubic Iach of Quickſilver muſt riſe from 
the Veſlel V; that is, the Surface P muſt ſubſide ſo far, that a 
cubic Inch of Water (if that be the Fluid made Uſe of) wall 
enter the Veſſel V, by which Means the Barometer with the | 
Parts annexed | will be heavier by a eri Inch of the Faun. | 


Now 


. * N 206. 
= 18 n nant 


e 


the Weight of the Atmoſphere is ſuch, that, 


Column of the Fluid preſſing on the lower Surface of the 
filver (do which the Height X is partly owing) will be encreaſed 


cury was v, the Deſcent of the compound Baromete 
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Let it be ſuppoſed, that the Fluid made uſe 
of is Water, and that the given Variation in 


Yr | „ by 
Now this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
droſtatics) till a cubic Inch of the Rod HS, immediately extant 
above the Surface at W, ſhall come under it; but the Length of 
ſuch a Magnitude of HS will exceed the Length of an equal Mag- 
nitude of Quickſilver in the larger Tube X, as many Times as the 
Square of the Diameter at X exceeds the Square of the Diameter 
at H (the Lengths of equal Cylinders being reciprocal to their 
Baſes.) That is, the perpendicular Deſcent of the compound Ba- 
rometer will be to v, the perpendicular Aſcent of the Mercury 
in the common Barometer, as 4 to 1 (ſuppoſing this the Ratio 
of their Bafes) and conſequently will be equal to dw. 

But, by this Deſcent, the Diſtance PW, between the Surface of 
the ſtagnant Quickſilver and the Top of the Fluid, will be aug- 
mented by a Column, whoſe Height is dv, the Deſcent of the 
compound Barometer; and conſequently the Weight of the whole 


Quick- 


by a Column of that Length; and this Increaſe would produce a 
fecond Aſcent of the Mercury at X equal to itſelf, namely, , 
were the Fluid as heavy as Quickſilver ; but ſince it is ſuppoſed to 
be lighter in the Ratio of / to 1, the Aſcent of the Quickſilver, 
on this Account, will only be —. | 

3 ; s e ; 
But now, as in the former Caſe, when the Aſcent of the Mer- 


r was ſhewn 
dy 


to be 4v; ſo here, the Aſcent of the Mercury being —, the De- 


ddw s 


{cent of the compound Barometer will be 
; dddy* 44 8 1 


ſcent , and the next —, and ſoon to Infinity. There- 
„ 33 


fore the whole Deſcent of the compound Barometer, is to the Aſ- 


, and the next De- 


cent of the Mercury in the common Barometer, that is, » is to 1 


1 % OE 1 db f+ OW 
as dp —+Þ+ —— + — +, c. to 1, or as to 1; be 
3 53 g 3; —— 


cauſe, the Terms of the Series being in geometrical Proportion, 
5 the 
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by prefling upon the Surface of it at W, the Sur- 


face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) than 


before; and that the Breadth of the Cavity of 


the Tube at X, and of the Baſon at P are ſuch, 
that, by this Aſcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 


than before, and conſequently in the Baſon a 


cubic Inch lefs. Now, upon this Suppoſition, 
there will be a cubic Inch of Water in the Ba- 
ſon more than there was before ; becauſe the 
Water will ſucceed the Mercury to fill up its 
Place. Upon this Account the whole Ma- 
chine will be render'd heavier than it was be- 
fore, by the Weight of a cubic Inch of Wa- 
ter, and therefore will fink, according to the 
Laws of Hydroſtatics (Chap. II. $ 


| 7 | 45 JE 
the Sum of chem ali I nm Hence we have n= — , and hae: 
4 — g 
fore ns = ds + tn ; ; that is, I: 2: *: ns: 


13 


and therefore, by extradting the ſquare Roots of each a in 


the Proportion, 1: / (that is, the Diameter of ST to the 


1 
Diameter of HI) as — to 1. Q. E. D. 
ns. 
Example x, Putting 488 14 a #= I the Variatjon in each 
Barometer will be _ by * the Diameter of 8 T to the 


Diameter of HI, as wh —to 1, that i is, as 30 to 29 nearly. 


14 
Example 2. If n ; be rat infoite the Diameter of ST will be 


to the Diameter of HI, as 7 to 1 or 1 to * 14; that is, 
as 1 t0 34 nearly. 


was 


8. 5. ) till a 
cubic Inch of that Part of the Rod WS, Which 
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was above the Surface of the Water at W, 
comes under it. Then, if we ſuppo ſe this Rod 


ſo ſmall, that a cubic Inch of it ſhall be four- 


teen Inches in Length, the whole Machine 


will ſink fourteen Inches lower into the Fluid 
than before, and conſequently the Surface of 
the Mercury in the Baſon will be preſſed more 
than it was before, by a Column of Water 


fourteen Inches high. But the Preſſure of 


fourteen Inches of Water! is equivalent to one 
of Mercury (becauſe Water is about fourteen 
Times lighter than Mercury) ; this additional 
Preſſure therefore will make the Mercury aſ- 
cend at X, as much as the ſuppoſed Variation 
in the Weight of the Air did at firſt. This Aſ- 
cent will give Room for a ſecond cubic Inch of 
Water to enter the Baſon; the Machine will 
therefore be again rendered heavier, by the 
Weight of ſo much Water, and accordingly 


will ſubſide fourteen Inches farther. This will 
occaſion another additional Preſſure of Water, 
which will raiſe another Inch of Mercury, and 
make the Machine fink fourteen Inches more, 


and ſo on, without ever approaching nearer to 
an Aguilibrium with the external Air: And 


therefore a Scale, anſwering to the Variation of 


this Barometer, ought ſtrictly and properly to 


be of an infinite Length ; becauſe, after this Ba- 
rometer has ſunk or riſen e een of Miles 


(if that were poſſible) it would till have the 
ſame Tendency to ſink or riſe on, as when it 


firſt ſet out. 


Nov 
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Nov, was the Rod WS ſo ſmall, that a cubic 
Inch of it ſhould be more than fourteen Inches 
long (the other Parts remaining as was ſup- 
poſed above) the Variation in this Barometer 
would be more than infinite, or negative with 


Reſpect to thoſe of the common Barometer. 


The Meaning of which is, that whereas, in the 
common Barometer, the ſuſpended Column of 
Mercury, by its riſing or falling, approaches 
nearer to an AÆgquilibrium with the external 
Air, this Barometer would continually recede 
from an Ægquilibrium with it; fo that the far- 
ther it ſhould move up or down, inſtead of ac- 
quiring by that Means a leſs Tendency to move 
on, as the Mercury in the common Barometer 
does, it would acquire a greater. 

On the contrary, when a cubic Inch of the 
Rod is leſs than fourteen Inches in Length, 
the Variation will be finite; and may be made 
to bear any Proportion to thoſe of the common 
Barometer whatever, as demonſtrated in the 


foregoing Note. 


While I am writing this, another Method 


occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 
tion to that of the common one. It is this: 


Let there be a compound Tube, as ABC (Fg. 
36.) hermetically ſealed at A, and open at C, 


empty from A to D, filled with Mercury from 
thence to B, and from thence to E with Wa- 
5 | 5 ter: 
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ter : Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water at E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite, 
otherwiſe it will be finite. See the Demon- 
ſtration in the Note &. 
| OE That 


* Tot 1 a given) > Variation | in the common Barometer, æ 
the correſpondent Variation at E ſought. - Let the Ratio of m to 
13 expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
ter ; and d to 1, that of the Diameter of the Tube F A to FC. 
Then the Variation at E, the lower Surface of the Water, being 
3 *,, the Variation of it at B, the upper Surface of it, will 


be — a0 conſequenty GE, the Difference of the Legs EK and 
ad” 


KB, will cry. l Again, the Variation of the Surface of 
dd 
| the Mereury at B will be the ſame with that of the Water in the 


* 


| ſame Place, VIZ, — 3 8 if the Tube i is of the ſame Diameter 


ad 
at D, as at B, the Variation of the Surface at D will alſo be the 5 
& 


malte, that is, —: The Sum of both Variations, or the Variation 


dd 2 K* 
of HD the Difference of the Legs, will therefore be —. Now the 
dd 


5 Preſſure of the Mercury and Water together upon the Air at E, is 


owing to the Lengths of HD and GE; and fince one of theſe will 
always ſhorten, when the other lengthens, the Variation in their 


Preſſure will depend on the Variation of the Difference of their 


Weights, that is, of the Difference eo the Weight of a 


* 2X 


_— and Of, But the Weight of x += — (being the Weight of 
WS 


a Column of Watet) compared to that 5 a Column of Mercury of 
| * 


xd 
dd 


The Difference therefore 


m between 


the ſame Length, is only 


112 Of the Barometer, Part II. 
That the Variation in this Barometer may 
be infinite, will: appear from the ann 
Computation, q 
Let the Proportion between the Bores of the 
Tube AF and-F C be ſuch, that when HD, 
the Difference of the Legs wherein the Mer. 
cury is contained, is augmented one Inch, GE, 
the Difference of the Legs wherein the Water 
is contained, ſhall be diminiſhed fourteen ; 
then, as much as the Preſſure of the Mercury 
is augmented, that of the Water will be dimi- 
niſhed, and 0 the Preſſure of both taken toge- 
ther will remain as it was. And conſequently, 
after it has began to riſe, it will always have 
the ſame Tendency to riſe on, without ever 
coming to an Æquilibrium with the Air. 
How far this Barometer will ſucceed in Prac- 
tice, muſt be left to Experience te to determine, 


. 
dd 2x 1 
between — and — will be always 8 to the e Variatlon 


m ad 

. the c common Barometer, and b. =o, ALA” by” 
2 455 —— mad. 1 
the common Method of ReduAtion x = 


: That is, "of 
| Mas mind 44 
: mdd: m 4d. 1. Now, if we put 2=14. and a=, 2, 
ad and—1 will be as much as 22, and therefore d- 27, 
will be equal to nothing; and ſo x being by the Proportion as 
many Times more than v, as nad is than nothing, 'tis infinite. 
And if be put==14, and d=, mdd will be equal to 350, 
and 2,7 —dd—1==2 ; and therefore the Variations in this Caſs 
will be to thoſe in the common Barometer, as 175 to one. 


Pro- 
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Probably, if the Bore of the Tube FC be made 
very ſmall, vig. about the twentieth Part of 
an Inch Diameter, the Air will not aſcend 
dae the Water, as it is apt to do through 
the Mercury in the pendant Barometer; and 
the Smallneſs of the Bore will not prevent the 
Water from moving, near ſo much as it does 
the Mercury 1 in that Barometer, 
There is an Improvement of another Kind 
in the common Barometer, whereby it is ren- 
dered portable, The Tube containing the 
Mercury, inſtead of having its lower End im- 
merged in a Veſſel of that Fluid, has it tied 
up in a leathern Bag, not quite full of Mer- 
cury. And though the external Air cannot 
get into the Bag to ſuſpend the Mercury in 
the Tube, by preſſing on its Surface, as in the 
common one; yet it has the ſame Effect by 
preſſing on the Outſide of the Bag, which, 
being pliant, yields to the Preſſure, and keeps 
the Mercury ſuſpended in the Tube at its pro- 
per Height. This Bag is generally incloſed 
in a little Box, throu >the Hattom of which 


paſſes a Screws: wit F this: Screw-the Bag may 
be compreſſed; n 0 force the Mercury up 
to the Top of the Habe; nen Keeps! it ſteady, 


and hinders it from breakin®' the Tube by 
daſhing againſt the Top when 1t 1s carried 
about, as it otherwiſe would be apt to do. 


' See 


— 
— — — 
— 
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See more on the Subject of this Diſſertation, 
Weidleri Inſtitutiones Mathemat. p. 608. Mel- 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV. 
S. 15. Mr. Paſchal's Traite de Equilibre 
des Liqueurs. Sinclair's Ars magna Gravitatis 
& Levitatis. Martotte's Second Eſſay de la 


Nature del Air. Philoſoph. Burgund. Tom. II. 


p. 850. Saul's Treatiſe on the Barometer. 


' Regnault's Philoſoph. Converſat. 22. Clare's 


Motion of Fluids, p. 141. Mem. de l' Acad. 
1705, 1711. Philoſophical Tranſactions Ne. 
9, 10, 11, 55, 86, 91, 165, 181, 185, 208, 
229, 230, 237, 240, 243, 269, 3515366, 
38 5, 388, 405, 406, 427. Cotes's: n <p 
ſtatical and Pneumatical Lecture. Lect." 

With ſeveral other Authors referred to in Mr. 


 Fobnſon's Queſtiones Philoſphica, Cape VI. 
Que, 36, 37. nl. 31257. ee Ooe 


5 
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DISSER TATION V. 
5 the Origi * the Winds 


HE Wind i is no other FIR * Motion 

of the Air upon the Surface of the 
Globe. Some of the Ancients took it to be 
Air, ruſhing out of the Bowels and Cavities 
of the Earth : And others thought'it an Ex- 
halation from its Surface. But theſe are Hy- 
potheſes too chimerical to ſtand in Need of a 


particular Confutation. Some of the Moderns, 
who held a Plenum, have accounted for it thus: 


They imagined, that the Air being confined 
above, as it muſt be, if we ſuppoſe'a Plenum, 


would, when more than ordinarily rarefied, or 
ſtocked with Vapours, drive away the neigh- 


bouring Air, in order to make Room for itſelf; 
and by this Means occaſion a Wind. Others, 
_ obſerving a conſtant and perpetual eaſterly 
Wind to blow at the Equator, aſcribed its 


Origin to the diurnal Rotation of the Earth 
about its Axis from Weſt to Eaft ; which they 


thought would occaſion the Air upon its Sur- 
face to ſeem to move the contrary Way, being 


in ſome Meaſure left behind. But, whereas h 

there are Winds; in ſome Places near the Equa- 

tor, that blow on other Points of the Compals 
Oo (as 


x16 Of the Origin of Winds. Part II. 
(as we ſhall ſee hereafter) this Hypotheſis is 
inſufficient. Beſides, the Air preſſing upon 
the Surface of the Earth by its Gravity, like 
other Bodies, and having nothing to hinder 
it from moving freely along with it, muſt ne- 
ceſſarily, in Time, acquire an equal Degree 
of Velocity, and ſo keep Pace with it, all the 
„„ ed. . 
The principal Cauſe of the Wind, or, in 
other Words, of the Air's moving from Place 
to Place, upon the Surface of the Earth, is 
the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air being rarefied, becomes ſpeci- 
flically lighter than the reſt; it is therefore 
over-poiſed by it, and raiſed upwards, the 
upper Parts of it diffuſing themſelves every 
Way over the Top of the Atmoſphere; while 
the neighbouring inferior Air ruſhes in from 
all Parts at the Bottom; which it continues to 
do, till the Æquilibrium is reſtore.. 
Upon this Principle it is, that moſt of the 
Winds may be accounted for. 
Io begin with thoſe which blow under the 
Equator... - ds Ty 


1. Under the Equator, the Wind is always 
obſerved to blow from the Eaſt Point *. 
„For the Reader's Eaſe (who perhaps is not furniſhed with 
the Philoſophical Tranſactions) J ſhall here inſert by Way of 
Note, from Dr. Halles's Account, fo much of the Hiſtory of the 
Winds, as may be neceſſary for the underſtanding this Theory. 
8 „ 


r r FI” 
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For, ſuppoſing the Sun to continue vertical 


over ſome one Place, the Air will be moſt rare 
fied there; and conſequently, the neighbour- 


in 3 


« The univerſal Ocean, ſays he, may moſt properly be di- 

4 te vided into three Parts, viz. 1. The Atlantic and Athiopic \'L 
8 4 Seas. 2. The Indian Ocean, 3. The great Sonth Sea; or 1 
4 % the Pacific Ocean. 5 „ F 


« I, In the Atlantic and AÆtbiopic Seas, between the Tropics, 
d there is a general eaſterly Wind all the Year long, without any ; 
_ © conſiderable Variation; excepting, that it is ſubje& to be de- = 
„ flected therefrom, ſome few Points of the Compaſs, towards | 
1 “ the North, or South, according to the Poſition of the Place. 
= * 1, Near the Coaſt of Africa, as ſooh as you have paſſed the | 
« Canary Ifles, you are ſure to meet à freſh Gale of North-eaſt | 
& Wind, about the Latitude of twenty-eight Degrees North; | 
«© Which ſeldom comes to the Eaſtwards of the Eaſt-north-eaſt, 
or paſſes the North-north-eaſt. This Wind accompanies thoſe 
“ bound to the Southward, to the Latitude of ten Degrees 
% North, and about an hundred Leagues from the Guinea 
2 Coaſt; where, till the fourth Degree of North Latitude, they 
4“ fall into Calms and Torradots, or ſudden Storms. 
2. Thoſe bound to the Caribbes Iſles, find, as they ap- 
ec proach the American Side, that the aforeſaid North-eaſt 
„ Wind becomes ſtill more and more eaſterly; ſo as ſometimes to 
[1 tc be Eaſt, ſometimes Eaſt by South, but yet moſt commonly ta 
Ba « the Northward of the Eaſt; a Point or two; ſeldom more. 
« Tis likewiſe obſerved, that the Strength of theſe does gra- 
“ dually decreaſe, as you fail to the Weſtward: | 
« 3, That the Limits of the Trade and variable Winds in 
« this Ocean, are farther extended on the American Side, than 
„ the African; for, whereas you meet not with this certain 
LY % Wind, till after you have paſs'd the Latitude of twenty-eight 
Degrees on this Side; on the contrary Side it commonly | 
4 « holds to thirty, thirty-one, or thirty-two Degrees of Lati- 
1 „ tude; and this is verified likewiſe to the Southward of the 
i Aguinoctial; for near the Cape of Good Hope, the Limits of 
* the Trade Wind are three or four Degrees nearer the Ling, 
% than on the Coaſt of Brafil. 
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ing Air will ruſh in from every Quarter with 
equal Force. But, as the Sun is continuglly 


ſhaking to the Weſhwarg. the Part whereithe 


Air 


E 4. That from the Latitude of ſour Degrees North, to the 
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aforeſaid Limits on the South Side of the Eguator, the Winds 


are generally and perpetually between the South and Eaft, 
and moſt commonly between the South-eaſt and Eaſt 5 ob- 
ſerving always this Rule, that on the African Side they are 
more ſoutherly, on the Braſilian more. eaſterly, ſo as to be- 
come almoſt due Eaſt, the little Deſlection they have being 
ſtill to the Southward. In this Part of the Ocean, it- has 


been my Fortune to paſs a full Year, in an Employment that 


obliged me to regard more than ordinarily the Weather, and 
J found the Winds conſtantly about the South-eaſt, the moſt 


* uſual Point South-eaſt by Eaſt : When it was eaſterly, it ge- 


nerally blew hard, and was gloomy, dark, and ſometimes 
rainy Weather: If it came to the Southwards, it was gene» 
rally ſerene, and a ſmall Gale next to a Calm; but this not 


very common, But I never ſay it to the Weſtwards of the 


South, or Northwards of the Zaſt, 
b 8, That the Seaſon of the Year has ſome ſmall Effect on 
md Trade Winds; for that, when the Sun is conſiderably to 


the Northward of the Equator, the South-eaſt Winds, eſpe- 


cially in the Streight of this Ocean (if I may ſo call it) be- 


tween Braſil, and the Coaſt of Guinea, do vary a Point or 


two to the Southward, and the North-eaſt become more 


eaſterly ; ; and, on the contrary, when the Sun is towards the 


Tropic of Capricorn, the South-eaſterly Winds become more 
eaſterly ; and the North-eaſterly Winds, on this Side the 
Line, veer more to the Northward, | 

«© 6, That as there is no general Rule, that admits not of ſome 
Exception, ſo there is in this Ocean a Tract of Sea, wherein 
the ſoutherly and ſouth-weſt Winds are perpetual, vis. all 
along the Coaſt of Guinea, for above five hundred Leagues 


together, from Sierra Leona, to the Ile of St. Thomas ; For 
the South-eaſt Trade Wind having paſs'd the Line, and ap- 


proaching the Coaſt of Guinea within eighty or an hundred 
Leagues, inclines towards the Shore, and becomes South-ſouth- 
eaſt; and by Degrees, as you come nearer, it veers about to 
South, South- ſouth-weſt, and in with the Land South-weſt, 
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Air is moſt rarefied, is carried the ſame Way ; 
and therefore the Tendency of all the lower Air, 
taken together, 18 greater that Way, than any 


« and ſometimes Weſt- ſouth· weſt. Theſe are the Winds, which 
&« are obſerved on this Coaſt when it blows true; but there are 
&« frequent Calms, violent ſudden Guſts, called Tornadoes, from 
cc all Points of the Compaſs, and ſometimes unwholeſome foggy 
« eaſterly Winds, called Hermitæ, by the Natives, which too 
« often infeſt the Navigation of theſe Parts. 
. That to the Northwards of the Line, between four and 
ce ten Degrees of Latitude, and between the Meridians of Cape 
cc Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
«is a Tract of Sea, wherein it were improper to ſay, there is 
% any Trade Wind, or yet a variable; for it ſeems condemned to 
« perpetual Calms, attended with terrible Thunder and Light- 
« ning, and Rains ſo frequent, that our Navigators from thence 
“s call this Part of the Sea, the Rains: The little Winds that 
<« are, being only ſome. certain Guſts, of very little Continus 
«ance, and leſs Extent ; ſo that ſometimes each Hour you 
% ſhall have a different Gale, which dies away into a Calm bo- 
« fore another ſucceeds: And in a Fleet of Ships in Sight of 
4 one another, each ſhall have the Wind from a ſeveral Point of 
e the Compaſs : With theſe weak Breezes, Ships are obliged to 
«© make the beſt of their Way to the Southward, through the 
« aforeſaid fix Degrees; wherein it is reported ſome have been | 4 
<« detain'd whole Months for want of Wind. F 


II. In the Indian Ocean, the Winds are partly general, 
« as in the Zthiopic Ocean; partly periodical, that is, half 
e the Year they blow one Way, and the other half near upon 
<< the oppoſite Points; and theſe Points, and Times of ſhifting, 
é are different in different Parts of this Ocean. 1 ER j 

„ 1, Between the Latitudes of ten Degrees and thirty De- | 
« grees South, between Madagaſcar and Hollandia nova, the 1 
General Trade-Winds about the South-eaſt and by Eaſt, are Mm 
< found to blow all the Year long, to all Intents and Purpoſes, 5 1 
« after the- ſame Manner, as in the ſame Latitudes in the . | 4 
« thiopic Ocean, as it is deſcribed in the fourth Remark _— 
e aforegoing. 8 1 
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other. Thus the Tendency of the Air to- 


61 
£ 


wards the Weſt, becomes general, and its 
Parts impelling one another, and continuing to 


move 


< 2, That the aforeſaid South-eaſt Winds extend to within two 
Degrees of the Equator, during the Months of Fane, Fuly, 
and Auguſt, &c. to Nowember ; at which Time, between the 
South Latitude of three and ten Degrees, being near the Me- 
ridian of the North End of Madagaſcar, and hetween two 


and twelve South Latitude, being near Sumatra and Java; the 


contrary Winds from the North-weſt, or between the North 
and Weit, ſet in, and blow for half a Year, wiz. from the 
Beginning of December till May: And this Monſoon is ob- 
ſerved as far as the Molucca Iſles. i 


4 3. That to the Northward of three Degrees South Lati- 
| tude, over the whole Arabian and Indian Sea, and Gulf of 


Bengal, from Sumatra to the Coaſt of Africa, there is an- 
other Monſoon, blowing from October to April, upon the 
North-eaſt Points: But in the other half Year, from April to 


October, upon the oppoſite Points of South-weſt and Weſt- | 
ſouth-weſt, and that with rather more Force than the other, 
accompanied with dark, rainy Weather; whereas the North- 


eaſt blows clear. Tis likewiſe to be noted, that the Winds 


are not ſo conſtant, either in Strength or Point, in the Gulf 
of Bengal, as they are in the Indian Sea, where a certain 


ſteady Gale ſcarce ever fails. Tis alſo remarkable, that 
the South-weſt Winds, in theſe Seas, are generally more 


ſeutherly on the Afr rican Side, and more weſterly on the 


Indian. 


« 4. There is a Tract of Sea to the Southward of the 
Equator, ſubje& to the ſame Changes of the Winds, wiz. 


near the African Coaſt, between it and the Iſland Madagaſcar, 
or St. Laurence, and from thence Northwards, as far as the 


Line; wherein, from April to October, there is found a con- 
ſtant freſh South-ſouth-weſt Wind, which, as you go more 


northerly, becomes ſtill more and more weſterly, ſo as to fall 
in with the Weſt- ſouth- weſt Winds, mentioned before in thoſe 


Months of the Vear to be certain to the Northward of the 


Equator. What Winds blow in thoſe Seas, for the other 
half Year, I have not yet been able to obtain to my full Satiſ- 


faction: The Account which has been given me, is only this, 


c That 


— 
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move till the next Return of the Sun, ſo much 4 
of its Motion, as was loſt by his Abſence, is 
again reſtored, and therefore the eaſterly Wind | | 
becomes Perpetual. x vs 1 
Some 3 


* That the Winds are much eaſterly hereabouts, and as often to 
«© the North of the true Eaſt, as to the Southward thereof. 
* 5. That to the Eaſtward of Sumatra and Malacca, to the 
„ Northwards of the Line, and along the Coaſt of Camboia 
and China, the Monſoons blow North and South; that is to 
« ſay, the North-eaſt Winds are much northerly, and the 
% South-welt much ſoutherly. This Conſtitution reaches to the 
«« Eaftward of the Philippine Iſles, and as far northerly as Jaan; 
« the northern Monſoon ſetting in, in theſe Seas, in OZober or 
& November ; and the ſouthern in May, blowing all the Summer 
% Months. Here it is to be noted, that the Points of the Com- 
* paſs from whence the Winds come, in theſe Parts of the 
« World, are not ſq fixed, as thoſe lately deſcribed ; for the 
« ſoutherly will frequently paſs a Point or two to the Eaſtwards. 
« of the South, and the northerly as much to the Weſt- 
« wards of the North, which ſeems occaſioned by the great 
Quantity of Land which is interſperſed in theſe Seas. 
«© 6, That in the ſame Meridians, but to the Sou:hwards of 
i the Equator, being that Tract lying between Sumatra and 
« Jawa to the Weſt, and New Guinea to the Eaſt, the fame 
«© northerly and ſoutherly Monſaons are obferved ; but with this 
« Difference, that the Inclination of the northerly is towards 
<« the North-weſt, and of the ſoutherly towards the South-eaſt : 
« But the Plagæ Venti are not more conſtant here than in the 
4 former, wiz. variable five or ſix Points. Beſides, the Times 
«« of the Change of theſe Winds are not the ſame, as in the 
& Chineſe Seas, but about a Month, or fix Weeks later. 
_ 4+ 7, That the contrary Winds do not ſhift all at once, but in 
« ſome Places the Time of the Change is attended with Ca/ms, 
« in others with variable Winds; and it is particularly remark- 
« able, that the End of the weſterly Monſoon, in the Seas of 
« China, are very ſubject to be tempeſtuous. The Violence of 
« theſe Storms is ſuch, that they ſeem to be of the Nature of 
'* the Weſt-India Hurricanes, and render the Navigation of 
„ theſe Parts very unſafe about that Time of Year. Theſe 
— — 94 6 Tempeſt 


« in the Atlantic Sea, wiz. about the thirtieth Degree of Lati- 
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Some art inclined to think, that the con- 
tinual ſhifting of the Sun to the Weſtward, 


ſhould produce a weſterly Wind under the 


Equator, by cauſing the Current of the Air 
from the Weſt to exceed and over-balance that, 


— 


11 Tempeſts are by our Seamen uſually term'd the Breaking un 


6 of the Monſcons, 


„ II. The Third Ocean, called, Mare Pacificum, whoſe Ex- 
& tent is equal to that of the other two (it being from the Weſt 


« Coaſt of America to the Philippine Iſlands, not leſs than an 


« hundred and fifty Degrees of Longitude) is that which is leaſt 
« known to our own, or the neighbouring Nations: That Navi- 


* pation that there is on it, is by the Spaniards, who go yearly 
<« from the Coaſt of Neau Spain to the Manilha's: But that but 


<© by one beaten Tra& ; ſo that I cannot be fo particular here, 


« as in the other Two. What the Spaziþs Authors 3 of the 


«« Winds, they find in their Courſes ; and what is confirmed by 


the old Accounts of Drake and Candifh, and ſince by Schvoten, 
« who. ſailed the whole Breadth of this Sea, in the ſouthern 


Latitude of fifteen or fixteen Deprees, is, that there is a great 


«© Conformity between the Winds of this Sea, and thoſe of the 


« Atlantic and ZE£thiopic ; that is to ſay, that to the Northward 


« of the Equator, the predominant Wind is between the Faft and 


c North-eaſt ; and to the Southwards thereof, thefe is à con- 


4 ſtant, ſteady Gale, between the Eaſt and South-eaſt, and that 
© on both Sides the Line, with ſo much Conſtane 


85 Line, with ſo muc Y, that they 
ſcarce ever need to attend the Sails ; | and Strength, that it is 
rare to fail of crofling this vaſt Ocean in ten Weeks Time 
ö TITS 0 1 6 A 
tis ſaid, that Storms and Tempeſts are never known in theſe 
« Parts; wherefore ſome have og! it might be as ſhort a 


Voyage to Fapan and China, to go by the Streights of Ma- 


« gellan, as by the Cape of Good Hope. 


2 The Limits of theſe Central Winds are much the fame as 


J 


< tude on both Sides. Beſides, a farther Analogy between the 
«© Winds of this Ocean, and the tbiopic, appears in that, that 


upon the Coaſts of Peru they are always much ſoutherly, like 


Which 


4 as they are found near the Shores of Angola. 


which is about an hundred ind thirty Miles a Day: Reſides, 


4 * . a * * » 
* A a” EO Ne _ ac = 
. r . and AAA . WS. boos An <a wy 22 \ 8 N 
— n 2 :? ant A So 3 . Ex... 5 * n af 
+ ao 3 7 2 N 8 n 8 e 4 8 
J r 1 . y —— . N 

< * 1 5 r : was; — 

n EE n r * : 

IIS EAT Mo vt de ns e agent 67 as hs 3 X 6-4 3 
wag FRY $a 1 pe Pig do on RES * 9 © 
* < ' poo a LE 3 * 5 * n N N — 
2 * . 


E 2 i $3 we 2 2 69” 5 i 5 EL * K 
7 9 ti; 7 SS 4 . 3 W * N OS * * 
1 2 , S N * * 32 1 3 1 . n 5 J . : 
9 N 7 5 ä 4 * « EO 6 25008 BR r - "2 ey — . * 5 — hu a Y "A. —- " 3 
3 * 3 »\*_ * =s Wy 1 * n OO NEE * —— 5 EN ev * — —_— — 4 oF - h © 
1 e e ee 8383 : > a 2 Pe I 2 0 rs 
. N * - 3 k * 


% 


Diſſ. V. Of the Origin of Winds, 123 


which oppoſes it from the Eaſt. For, where- 


as the eaſtern Air retains its Heat ſome time 
after the Sun is removed from it, it muſt al- 
ways be rarefied to a greater Degree, and alſo 
to à greater Diſtance from the Place to which 
the Sun is vertical; than the weſtern Air is; 
and therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
eaſtern, and drive the Current before it. 

But it is to be obſerved, that we are not to 
conſider the Point to which the Sun is ver- 
tical, but the Point of greateſt Rarefaction 


0 which, upon Account of the Sun's Motion to 


the Weſtward, lies always to the Eaſtward) ; 


and then ſee, Which Side of the Column of 


Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 


lumns. Now, although the Air is rarefied 
even farther to the Eaſt of this Point, than to 
the Weſt, yet ſtill, if we ſuppoſe the Point 


to keep its Place, the Air over it will ſuſtain 
an equal Degree of Preſſure on each Side. 
For, ſince no Column can be affigned on the 


weſtern Side, but one alſo on the eaſtern 
may be found under an equal Degree of Rare- 


faction, and therefore of the ſame ſpecific Gra- 
vity ; and fince Fluids of equal Heights, and 
the fame ſpecific Gravities (whatever be the 
Breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. I. F. 9.) 'tis very 
evident, that the Column of Air, over the 


Point 


3 
— S — 


124 Of the Origin of Winds. Part II. 
Point of greateſt Rarefaction, is preſſed equal- 
ly both Ways; and fo, upon this Suppoſition, 


each Wind will blow towards that Point with 
equal Force, But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this Aiguilibrium 


will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter- 


mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 


wards the Point of greateſt Rarefaction, if that 
Point ſhifts, in the mean, Time, towards the 
Weſt, then will that Portion reach. the ſaid 
Point ſooner than it otherwiſe would have 
done; thereby lofing a Part of its Motion, by 
which Means the weſterly Current will be di- 
miniſh'd. Again, if, while the Eaſt Wind 
blows towards the Point of greateſt Rarefaction, 
that Point moves on before it, then will the 


eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which 


ſhould have been an Impediment to it, being, 
upon this Suppoſition, in ſome Meaſure with- 


drawn; and ſo the Eaſt Wind will be aug- 
mented. Thus, the Weſt Wind having its 


Force leflen'd by the Motion of the Sun, and: 


the Eaſt one being increaſed, the latter at 
length as it were abſorbs the former, and car- 
ries it away in its own Direction. 


2. On each Side of the Equator, to about 


the thirtieth Degree of Latitude, the Wind is 


found 
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found to vary from the Eaft Point, ſo as to 
become North- eaſt on the northern Side, and 


South-eaſt on the ſouthern, 


The Reaſon of which is, that, as the equa- 
torial Parts are hotter than any other, both the 
northern and ſouthern Air ought to have a 
Tendency that Way ; the northern Current 
therefore, meeting in this Paſſage with the 
eaſtern, produces a North-eaſt Wind on that 
Side; as the ſouthern Current, joining with 
the Ruine, on the other Side the Eguator, forms 
a South-eaſt Wind there. 

Theſe two Propoſitions are to be underſtood 


of open Seas, and of ſuch Parts of them as are 


diſtant from the Land; for near the Shores, 
where the neighbouring Air is much rare- 
fied, by the Reflection of the Sun's Heat from 


the back, it frequently happens otherwiſe ; 
particularly, 


. On the Guinea Coaſt, the Wind — 4 


ſets in upon the Land, blowing weſterly in 


ſtead of eaſterly. This! is becauſe the Deſerts 


of Africa lying near the Equator, and being a 


very ſandy Soil, reflect a greater Degree of Heat 
into the Air above them. This therefore be- 
ing rendered lighter, than that which is over 
the Sea, the Wind continually ruſhes in upon 
the Land to reſtore the Ægquilibrium. 
4. That Part of the Ocean, which is called 


the Rains, is attended with perpetual Calms, 


the Wind (Fares blowing ſenſibly either one 
Way 


ing fix the contrary. 
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Way or other. (See its Situation deſcribed in 
Note, Page 119, Remark 7th). For this Tract 
being placed between the weſterly Wind blow 
ing from thenee tawards the Coaſt of Guinea, 
and the eaſterly Wind blowing from the ſame 
Place to the Weſtward thereof, the Air ſtands. 


in ZEquilibrid between both, and its Gravity is 


ſo much diminiſhed thereby; that it is not able 
to ſupport the Vapour it cohtains, but lets it 
fall in continual Rain, from whence this Part 


of He Veenn-has k to 
5. There is a Species of Winds, obſervable 


in ſome Places within the Tropics, called by 


the Sailors Monſoons, which, during fix Months 
of the Year, blow one Way; and the remain 


* 


£ 


The Occaſion of them in general is this: 


When the Sun approaches the northern Topic, 
there are ſeveral Countries, as Arabia, Per a; 
India, &c. which becotne hotter, and reflect 
more Heat than the Seas beyond the Equator, 


which the Sun has left; the Winds therefore, 


inſtead of blowing from thence to the Parts 


under the Equator, blow the contrary Way; 
and when the Sun leaves thoſe Countries, and 


draws near the other Tropic, the Winds turn 


CL DET Eo a... 
The Regularity of theſe Winds making 
them more than ordinarily uſeful in Navi- 


about, and blow on the oppofite Point of the 


ation, they are from "thence called Trade 


Winds. 
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Winds. As to. other Circumſtances relating 
to them, and the particular Times and Places 
of the Monſoons, &c. See the Hiſtorical Ac- 
count in the foregoing Note; all which might 
_ eaſily be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 
Circumſtances of Situation, Heat, Cold, Ge. 
ſufficiently known F. | 
From the Solution of the general Trade 
Winds, we may ſee the Reaſon, why in 
the Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 
Diſſertation, there is generally a Weſt, or 
South-weſt Wind. For, as the inferior Air, 
within the Limits of thoſe Winds, is conſtant- 
ly ruſhing towards the Equator, from the 
North-eaſt Point, or thereabouts, the ſuperior 
Air moves the contrary Way ; and therefore, 
after it has reached theſe Limits, and meets 
with Air, that has little or no Tendency to 


* Some haye thought, that the Regularity of the general Trade 
* Winds is partly owing to the diurnal Motion of the Moon from 
Eaſt to Weſt. For, as the Sun renders the Air ſpecifically lighter 
by its Heat, ſo does the Moon by attracting it, in the ſame 
Manner, as it does the Sea, in raiſing the Tides : But it is to 
be obſerved, that as the Moon aQs with the greateſt Force upon 
the ſuperior Parts of the Air, and as thoſe ſuperior Parts are un- 
confined, and therefore more at Liberty to ruſh in, in order to 
reſtore the AÆgquilibrium; it will from hence follow, that the 
ruſhing in of the ſuperior Parts of the Atmoſphere will princi- 
pally contribute towards reſtoring the Agui/ibrium ; and ſo the 
Motion, produced below, will be very inconſiderable. 
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rience, in calm Weather, gentle Breezes blows 
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any one Point more than to another, it will 


determine it to move in the ſame Direction 
wal men: 7: 5 5o55 45 oe 
In our own Climate we frequently expe- 


ing from the Sea to the Land, in the Heat of 
the Day; which Phenomenon is very agree- 


able to the Principle laid down above: For 


the inferior Air over the Land being rarefied 


by the Beams of the Sun, reflected from its 


Surface, more than that which impends ovet 
the Water, which reflects fewer, the latter is 
conſtantly moving on to the Shore, in order 
to reſtore the Aiquilibrium, when not diſ- 
turbed by ſtronger Winds from another Quar- 


1 


From what has been obſerved, nothing is 


more eaſy than to ſee, why the northern and 


ſouthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to ſuch 


I In Confirmation of this, we have an Gafy, and very per- 


tinent Experiment, related by Mr. Clare, in his Motion of 


Fluids. ** Take, ſays he, a large Diſh, fill it with cold Water; 


into the Middle of this put a Water-Plate, filled with warm 


Water. The firſt will repreſent the Ocean; and the other 
« an Ifland, rarefying the Air above it. Blow out a Wax 


„Candle, and if the Place be ſtill, on applying it ſucceſſively 


« to every Side of the Diſh, the fuliginous Particles of the 


«© Smoak, being vifible and very light, will be ſeen to move 


towards the Plate, and riſing over it, point out the Courſe 
« of the Air from Sea to Land. Again, if the ambient Water 
„be wartned, and the Plate filled with cold Water, let the 
„ ſmoaking Wick of the Candle be held over the Plate, and 
*« the contrary will happen.“ 4 
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Diſſ. V. Of the Origin of Winds. 129 
Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of the Sun in 
thoſe Parts, being undetermined to move to- 
wards any fixed Point, is continually ſhifting 
from Place to Place, in order to reſtore the 
Aquikbrium, wherever it is deſtroyed ; whe- 
ther by the Heat of the Sun, the riſing of 
Vapours, or Exhalations, the melting of Snow 
upon the Mountains, and a great Variety of 
other Circumſtances, more than can be cally 
enumerated. 

We are told by Hiſtorians, of certain Caves 
that emit Wind; if fo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
out for Want of Room; or, when the Preſſute 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and ſo permits the 
internal Air to dilate itſelf, and iflue out. 


For more on this Subject, ſee Nieuwenty?'s 
Religious Philoſopher. Regnault's Philoſo- 
phical Converſations. Clare's Motion of Fluids. 
Martin's Philoſophical Grammar. And the 
Authors referred to in Mr, Johnſon's Quæſtiones 
Philoſoph. Cap. IV. Quæſt. 1. 2. 
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DISSERTATION vi. 


Of he For tation and Aſcent of 7 a- 


pours, and their Reſolution into 
Rain, Snow, and Hail. 


HAT Vapours are 5 from the Sur- 
face of Water by the Action of the Sun's 


Heat, is agreed on by all : But the Manner in 
which this is done, has ever been a Controverſy 


© 2» # Þ} 


2 among Philoſophers ; neither is it at this Time 


ſufficiently explained by any one. 


If we conſult a Cartefian upon this Matter, 
he immediately tells us, that, by the Action of 
the Sun upon the Water, ſmall Particles of the 
Water are formed into hollow Spheres, filled 
with Materia Subtilis, and by that Means be- 
coming lighter than an equal Bulk of Air, are 

eaſily buoyed up in it. But, as this Materia 

Subtilis is only a Fiction, this Solution i is not 
to be regarded. 5 

Dr. Nieumwentyt, and ſeveral other Philo- 


„ % » *» 


ſophers, who maintain, that Fire is a parti- 


* cular Subſtance, diſtin& from other Matter, 
account for the Formation and Aſcent of Va- 
pours thus: They ſay, that the Rays of the 
aun, or Particles of Fire ſeparated from them, 

adhering to Particles of the Water, make 
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up/little Bodies, lighter than an equal Bulk of 
Air ; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come © 
an Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain is 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water ; which laſt, 
being then left without Support, can no longer 
be ſuſtained by the Air, but _ down in 
Drops of Rain *. 

'This Opinion is liable to the flowing Dif- 
ficulties; Fir, Fire has never been yet pro- 
ved to be a diſtin Element, or a particular 
Subſtance ; and the Change of Weight in 
Bodies in chemical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 
of Fire, is found to proceed from the Adheſion 
of Particles of . 

- Secondly, Should the above-mentioned Sup- 
poſition be allowed, the fiery Particles, which 
are joined to the watery ones to buoy them 
up, muſt be conſiderably large, or elſe a very 
great Number muſt fix upon a ſingle Particle 

of Water; and then a Perſon being on the 
Top of an Hill in a Cloud, would be ſenſible 
of the Heat, and find the Rain produced from 
that Vapour, much colder than the Vapour it it- 


p See Nieuwentyt's $ Religious Philoſopher, cent. 19. 

+ See the Authors referred to in Mr. Fohnſon's  Queſtiones 
Philoſoph. Cap, I. Queſt. 30. 

$ By Dr. Hales, in his -vegetable Statice, 
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132 . Of the Formation and Part II. 
ſelf : whereas the contrary is evident to our 
Senſes ; the Tops of Hills, though in the 
Clouds, being . colder than the Rain 
which falls below, 

Beſides, the Manner in which the flutes 


the Fire, fo-as to fall in Rain, is not eaſily to 
be conceived. Fe 

The moſt generally received Opinion is, 
That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with a Flatus, or 
warm Air, which renders them ſpecifically 
| lighter than common Air, and makes them 
file therein, till they meet with ſuch as is of 
the fame . e Gravity with themſelves *, 
But L aſk, 
Firſt, How comes the Air in the Bubbles 


ſince the Sun's Rays, which act upon the 


Water from vrhence they are raiſed, are ey 
denſe over all its Surface? 


Air to be ſeparated from the denſer ambient 


Water are blown up by warm Air from the 
_ Lungs, whilſt the ambient Air is colder and 
| denſer) what would hinder the external Air 
from reducing that, which is incloſed in the 


* Philoſophical TranſaRtions, No. 192. 5 
| Cold- 


of Water ſhould be ſeparated from thoſe of 


to be» ſpecifically lighter than that without, 


Secondly, If it could be poflible for rarer 
Air, to form the Bubbles (as Bubbles of ſoaped 


Bubbles, immediately to the ſame Degree af - 
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Dif. VI. Aſcent of 4 apours, &. 133 
Coldneſs, and ſpecific Gravity with itſelf ; 


tes being . readily communicated through 


uch thin Shells'of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
than the circumatnbient Air, and would no 
longer be ſupported therein ; but fall down, 


almoſt as ſoon as they were formed ? 


Thirdly, If we ſhould: grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 


Bubbles of Water filled with Air, why do not 


thoſe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preſſes leſs upon them 


than it did before ; and why are they not con- 
denſed, when the ambient Air is condenſed by 


the Accumulation of the ſuperior Air? But if 
this Condenfation and Rarefaction ſhould hap- 


pen to them, the Clouds would always continue 
at the ſame Height, contrary to Obſervation 
and we ſhould never have any Rain, 


The two laſt Opinions are more largely ex- 
amined by Dr. Deſaguliers in the Philoſophical 
FTranſactions, N*. 407. After which he en- 
deavours to eſtabliſh one of his own, 5 
He obſerves, with Sir Iſaac Newton, that, 


when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 


their repulſive Force grows ſtronger, and the 
Particles exert that Force at greater Diſtances ; 


fo that the fame Body ſhall be expanded into 


a very large Space, by becoming fluid and 
3 : may 
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134 Of the Formation and Part II. 
may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in- 
compreſſible State. Thus, ſays he, if the 
&« Particles of Water are turned into Vapour, 
c by repelling each other ſtrongly, and repel 
« Air more than they repel each other; Ag- 
« gregates of ſuch Particles, made up of Va- 
pour and Vacuity, may riſe in Air of different 
_ « Denſities, according to their own Denſit 
e depending on their Degree of Heat.” He 
obſerves farther, that Heat acts more power- 
fully on Water, than on common Air ; for that 
the ſame Degree of Heat, which rarefies Air 
two 'Thirds, will rarefy Water near fourteen 
thouſand Times, changing it into Steam or 
| Vapour, as it boils it. And in Winter, that 
ſmall Degree of Heat, which in Reſpect of our 
Bodies appears cold, will raiſe a Steam or Va- 
pour from Water, at the ſame Time that it 
_ condenſes Air. Laſtly, he obſerves, That the 
Denſity and Rarity of this Vapour depends 
chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 
all which he infers, that the Vapour being 
more rarefied near the Surface of the Earth, 
than the Air is there by the ſame Degree of 
Heat, muſt neceſſarily be buoyed up into the 
| Atmoſphere ; and fince it does not expand it- 
ſelf much, though the Preſſure of the incum- 
bent Air grows leſs, at length it finds a Place 
where the Atmoſphere is of the ſame ſpecific 
5 Gravity 


& a. 
* 4 
9 
4% 
7 
9 * 4 
LY 4 * 
is 14 
- 
5 Lo” 
* 
„ 
TY 2 0. 
© N 
of gp 
Are 
N 
I's : 
K [3 
1 
y FB 
Wy 
ores 1 
* 
T's; 
BEE 
1 1 
1 
*T * 
© +5 
* 7 
ar. 
F.. "5% 
8 
Ws 
„ 
* 
4 
* 
. 
- K3 
7 4 
3 
EE, 
* 
8 » 15 
ENCE 
. 4 vv 
* Nn 
8 
* 
2 1 
AH 8. 
8 
„ » 
* 
* — 
> 3 
1 * 
* 
1 
&:: 
q 
: * 
1 
2 
[4 * 
1 
x LH 
N 
3 
2 
TE 
AIR 
f 
e's 
* 1 
. AZ 
Fx 
PIG 
. 
4 
\ . 
KR 
+ F288 
5 
4 * 
SY 
. my 4 
IN by . 
144 
p « 
3 
Mx 
* 
12 
1 
„ 
* 
E 
N 
* 
971 
3:43 
E 
$47 
Tod 
A 
* — 
1 
4 
WA 
ERS 
$39 
4304 
oF 
4d 4 
3 
1 
- 16-20 
A 55 
f 
* 
1 
KR 
* 
6 CF, 
*s 14 
: 28 
* 
Pa. 
by " 
: 7 4 
4 
WF 
oe |. 
WL, 
LS 1 
=p 
„ 
: 
25 
1 : 
* 
— 5 
= 3 
= 2 
94 q 
* * 
CI 
Ky, 
© wY 
ww, 
E&P 
"hr. 
FA 3 
E 
12 
5 . 
9 
15 
N 
1 
AY 
- £8} 
Bo 
B's 
© up 
KY 
7 
* 
* 
xg 
*8 I 
* 
by 8 
. 
0 


e 
r, 
el 
Fas 
I 
a 
"I cc 
It 
(c 
7 | 
cc 
S 
. cc 
* cc 
* (e 
Ir 
| cc 
n : | 
cc 
＋ | 
t cc 
| 40 
i cc 
- ; - 
t 1 cc 
3 cc 
> 1 | 
- 4 
1 cc 
Z cc 
1 | % 
2 | 1 C [4 
| | | 1 
1 cc 
4 #1 
7 . 1 cc 
4 1 ec 
1 ce 
1 0 
Þ 1 


Diſſ. VI. Aſcent of Vapours, &c. 13 5 
Gravity with itſelf, and there floats, till, by ſome 


Accident or other, it is converted again into 
Drops of Water, and falls down in Rain. 


And to ſhew that Air is not neceſſary for 


the Formation of Steam or Vapour, he gives 
us this Experiment. 


ABCD (Fig. 37.) is a pretty large Veſ- 
ſe] of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
ed the Glaſs Bell E, made heavy enough 
to fink in Water; but put in, in ſuch a 
Manner, that it be filled with Water when 
upright, without any Bubbles of Air at its 


Crown within, the Crown being all under 


Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, the 
Water in the Bell being preſſed down by 


the Steam which riſes from it; but, as that 


Steam has the Appearance of Air, in order 
to know whether it be Air or not, take the 
Veſſel off the Fire, and draw up the Bell 
by a String faſtened to its Knob at Top, till 
only the Mouth remains under Water; 
then as the Steam condenſes by the cold Air 
on the Outſide of the Bell, the Water will 
riſe up into the Bell at F, quite to the Top, 
without any Bubble above it; which ſhews, 
that the Steam, which kept out the Water, 
was not Air,” 


. P 3 . This 
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This Hypotheſis, however plauſible it may 
appear, is attended with Di culties, as well 
as the other. FOr 

Firſt, If the repulſive Power of the Panties 
of Water is ſufficiently augmented by Heat as 
ſuch (and that by a very fmall Donde of it) 
to make them recede from each other, and be- 
come ſpecifically lighter than common Air; 
how comes it to paſs, that all-the:Partieles of 


Water, as ſoon as, or before it boils, have not 


their repulſive Forces thus augmented, fince 
they are all under a much greater Degree of 
Heat, than is neceſſary to raiſe Vapour ! ru 
Gecondly, Allowing that they may riſe off 
from the Surface of the Water, and float iii 


the circumambient Air, as being lighter than 


it, why do not their repulſive Forces, as they 


rife up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 


Diſtances from each other, and ſo cauſe them 


to continue li der than the Air about them at 
all Heights ? 


Thirdly, If the Preſſure of the Air about 
them, when near the Surface of the Earth, is 
not ſufficient to bring them into ſo cloſe Con- 


tact, as to form Drops of Water there, what 


Force will they find ſufficient for it, when they 
ate carried aloft into a Region of Air, where 


the Preſſure is not near ſo great? The Doctor 
hints, that they are formed into Rain, when 


* by the great Diminution of the you Gra- 
| a vity 
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e yity of the Air about a Cloud, it has a great 


c 


Way to fall, in which Caſe, he ſays, the 
« Reſiſtance of the Air, which increaſes as 
« the Square of the Velocity of the deſcend- 
« ing Cloud, cauſes the floating Particles of 
© Water to come within the Power of each 


N 


< other's Attraction, and form ſuch big Drops 


* as, being ſpecifically heavier than any Air, 
« mult fall in Rain.” But as the inferior Air, 


A 


| from the Cloud to a conſiderable Depth below 


it, cannot be ſuppoſed to leave it all at once, 
the Vapours muſt neceſſarily fall all the Way 


through a reſiſting Medium; ſo that the little 


Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
Reſiſtance from the Air greater than the Preſ- 


ſure which the Vapours ſuſtained below. 


Laſily, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
Vapour formed without the Aſſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool : Which is widely 
different from what-happens to Vapours buoyed 

up into the colder Regions of the Air, and 


floating BRETT, till my fall in Rain, 


Theſe are all, or the principal Hypotheſes, 
that have been framed for the Solution of this 
common Phenomenon : Which as they ſeem 
inadequate to the Effects produced, and there- 
fore unſatisfactory, 1 thought it not amiſs to 

| " © a” 
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ſuggeſt to the Reader the chief Difficulties, with 
which I conceive them to be attended. ' But as 
it is eaſier to pull down, than to build up, to 


overturn a weak Hypotheſis, than to raiſe and 
ſupport a ſtrong and ſufficient one; fo, I muſt 


own, in this Caſe, I can think of no Way of 


accounting for the Riſe of Vapours, according 
to the received Principles of Philoſophy, o 

ſay wherein their Nature conſiſts. Upon hi 
Account it is impoflible I ſhould give a Phi- 
loſophieal Account of their Reſolution into 


Rain. It muſt ſuffice juſt to mention the Cauſes 


which are obſerved to produce that Change. 
The-firſt is, Part of the Air beneath them 
doing carried away by contrary! Winds blowing 
from the ſame Place *, - the Remainder be- 
comes too light to buoy them up, and ſo the 


upper ones, in all Probability, precipitate down 


upon the lower ones, unite with them, and 


form ay of Rain + Another is, great 


Yr 


4. Perhaps 3 it may be dene that W the Air, which | im- 

pends over any Place, is carried away from thence by contrary 

Winds, the Vapours which float in it ſhould be carried away 

too; and ſo the few that remain ſhould be eaſily ſupported ; or, 
if they fall, ſhould not produce much Rain. 


Now, in anſwer to this, it muſt be conſidered, that as the in- 


ferior Air is carried away from any Place by contrary Winds, the 
Height of the Atmoſphere is diminiſhed thereby ; wherefore, in 
all Probability, the ſuperior Air ruſhes in by a contrary Current 


to fill up the Vacuity at the Top, which bringing in its Contents 


of Vapour affords a continual Supply for the Rain that falls. 

+ A remarkable Inſtance we have of this, in that Part of the 

Atlantic Ocean, which the Sailors call the Rains, (ſee — 0 
rom 
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Quantities of them, being driven by the Winds 
againſt the Sides of Mountains, are thereby 


made to coaleſce, and ſo conſtitute Rain . 
| It 


from the frequent Rains that fall there : the Occaſion of which 
is, that the Atmoſphere is diminiſhed by continual contrary 
Winds blowing from thence, ſo that it is not able to ſuſtain the 
Vapour it receives. | 9 

Upon this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the Eaft Indies, and at Famaica 
in the Weſt. See Dr. Gordon's Diſcourſe on the Cauſes of the 
Change of Weather, Philoſophical Tranſactions, No. 17. 


© The Rivers of Indus and Ganges, ſays he, where they enter the 


“ Ocean, contain between them a large Cher ſoneſus, which is di- 
c“ vided in the Middle by a Ridge of Hills, which they call the 
* Gate, which run along from Eaſt to Weſt, and quite through 
« to Cape Comorz. On the one Side is Malabar, and on the other 
« Coromandel, On the Malabar Side, between that Ridge of 
«© Mountains and the Sea, it is after their Appellation Summer 
from September till April; in which time it is always a clear 


„ Sky, without once, or very little Raining. On the other Side 


„ the Hills, on the Coaſt of Coromandel, it is at the ſame Time 
their Winter, every Day and Night yielding Abundance of 
% Rain; and from April to September it is on the Malabar Side 

« their Winter, and on the other Side their Summer: So that 
4 in little more than twenty Leagues Journey in ſome Places, as 
«© where they croſs the Hills to St. Thomas, on the one Side of 
„the Hill you aſcend with a fair Summer; on the other you 
«« deſcend with a ſtormy Winter. The like is ſaid to be at Cape 
« Raxzalgate in Arabia. And Dr. Tropham relates the ſame of 
% Jamaica, intimating that there is a Ridge of Hills which runs 


from Eaſt to Weſt, through the midſt of the Iſland, and that 


* the. Plantations. on the South Side of the Hills have, from 
« November to April, à continual Summer, whilſt thoſe on the 


North Side have as conſtant a Winter, and the contrary from 


« April to Nowember. | | | 54 
From theſe and ſuch like Accounts it ſeems evident, that a 
“ bare leſſening of the Atmoſphere's Gravity will not occaſion 


„ Rain, but that there is alſo needfal either a ſudden Change of 


«© Winds, or a Ridge of Hills to meet the Current of the Air and 
1 Vapours, whereby the Particles of the Vapours are driven to- 
* gether, and fo fall down in Drops of Rain. And hence it is, 
CH On.” | 5 es that 
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% 


It is generally thought, That if the Vapours 


in their Deſcent paſs through a Region of Air 
ſufficiently cold, they are there frozen into 


cc 


Icicles, 


that whilſt the Wind blows from the North-eaſt, wiz. from 


Nowember to April (ſee the Account of the Monſoons in the 


foregoing Diſſertation) ** there are continual Rains in the north- 


40 
46 
«6 
cc 


erly Plantations of Famaica, and on the Side of Coromandel 
in the Eaſf- Indies, becauſe the Winds beat againſt that Side 
of the Hills; and ſo there is fair Weather on the other Side 
of theſe Hills, in Malabar and in the ſouthern Plantations of 
Famaica, there being no Winds to drive the Vapours toge- 
ther. But in the ſoutherly Monſoons, wiz. from April to No- 


ember, Malabar and the ſoutherly Plantations of Famaica 


have Floods of Rain, the Wind beating againſt that Side of 
the Hills, whilſt in Coromandel, and the other Side of F amaica, 


there is fair and clear Weather. * 
This ſerves alſo to clear the Singularity of Seaſons in Peru, 
beyond any other Parts of the Earth, and ſeems to be aſſigned 
* by Acofia as the Cauſe of it. Peru runs along from the Line 


Southwards about a thouſand Leagues, - It is ſaid to be divided 


into three Parts, long and narrow, which they call Lanes, 
Sierras, and Andes; the Lanos, or Plains, run along the South- 


Sea Coaſt ; the S7erras are all Hills with ſome Vallies ; and 


the Andes ſteep and craggy Mountains. The Lanos have ſome 


ten Leagues in Breadth, in ſome Parts leſs, and in ſome more; 


the Sierras contain ſome twenty Leagues in Breadth, the Andes 
as much, ſometimes more, ſometimes leſs; they run in Length 
from North to South, and in Breadth from Eaſt to Weſt. This 
Part of the World is faid to have theſe remarkable Things; 


1. All along the Coaſt, in the Lanes, it blows continually with 
one only Wind, which is South and South-weſt, contrary ta 
that which uſually blows under the torrid Zone. 2. It never 
rains, thunders; ſnows, or hails in all this Coaſt, or Lanos, 


though there falls ſometimes a ſmall Dew. 3. Upon the 


Andes it rains almoſt continually, though it be ſometimes 
more clear than other. 4. In the Sierras, which lie be- 
tween both Extreams, it rains from September to April, but 


in the other Seaſons it is more clear, which is when the Sun 


is fartheſt off, and the contrary when it is neareſt. Now 
the Reaſon of all ſeems to be this; The eaftern Breezes, 


which blow conſtantly under the Line, being ſtopp'd in their 


_ © Courſe 
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* the Sierras into Rain.“ 


Icicles, and form Snow, But this Opinion ſeems 
to be falſe ; becauſe it frequently ſnows when 
the Barometer is high, at which Time the Va- 
urs cannot begin to fall. It is therefore more 
probable, that they are firſt frozen into Icicles, 
and by. that means ſhooting forth into ſeveral 
Points every Way from the Center (agreeably 
to the Nature of Freezing) loſe their Form; 
and ſo becoming ſpecifically heavier than Air 
fall down, and in their Paſſage, ſeveral being 
congealed together, form Fleeces of Snow +. 
Hail is evidently no other than Drops of 


Rain congealed into Ice. This happens, when 


in their Paſſage through the inferior Air, they 


« Courſe by the Sierras and Andes, and yet the ſame Breezes 
«+ being to be found in the South-Sea beyond Peru, as appears 
e by the eaſy Voyages from Peru to the Philippines, a Current 
« of Wind blows from the South on the Plains of Peru, to ſup- 
it ply the eaſtern Breeze on the South-Seas, and there being but 
c one conſtant Gale on'theſe Plains, and no contrary Winds or 
% Hills for it to beat upon, this! ſeems to be the Reaſon why the 
« Vapours are never or very ſeldom driven into Rain, And 
„e the Andes being as 1 7 perhaps in many Places as the Va- 
'«© pours aſcend in the hjgheſt Degree of the Atmoſphere's Gra- 


vity, this may probably be the Reaſon, why the eaſtern 


% Breeze, beating conſtantly againſt theſe Hills, occaſions Rain 
% upon them at all Seaſons of the Year. And the Szerras being 
<« it ſeems lower than the Andes, therefore from September to 
„% April, when the Sun is neareſt, and fo the Atmoſphere's 
Gravity leſs, and the Vapours lower, they are driven againſt 
The like is to be ſaid of other Countries. They are all, ceteris 
paribus, more or leſs rainy, as they are more or leſs mountainous. 
Agypt, which is quite without- ivlountains, has feldom or 
never any Rain; but is pleniifully, wWatered by the Nile, which 
yearly riſes above its Banks, and, overflows the Country, | 
+ See a Diſcourie on the Nature of Snow, ' Philoſophical 
Tranſactions, Ne. 92. 
| meet 
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meet with nitrous Particles, which are known 
to contribute greatly to Freezing. Their 
Magnitude is owing to a freſh Acceſſion of 
Matter, as they paſs along, Hence we ſee the 


Reaſon why Hail is ſo frequent in Summer, 
becauſe at that Time greater Quantities of Nitre 


are exhaled from the Earth, and float up and 


down in the Air. 
If the Vapours, after they at are exhaled "TO 
off the Waters, do not riſe very high in the 


Atmoſphere, but hover near the Surface of the 


Earth, they then conſtitute what we call a 


Fog. And, if they aſcend higher, they till 


appear in the ſame Form to thoſe, who, being 


upon the Tops or Sides of Mountains, are at 
an equal Height with them; though to thoſe, 


who are below, they appear as Clouds. 
If they fall to the Earth, without uniting 


into Drops, large enough to be called Rain, 
they are then ſaid to fall in Dew. 5 


See farther on this Subject, Derham's Phy l. 
Theolog. Book I. Chap. 3, and Book Il. 
Chap. 5. Spectacle de la Nature, Dialog. 21. 
and 23. Nieuwentyt Contempl. 19. Clare's 
Motion of Fluids. Regnault, Vol. III. Con- 
verſat. 7. Muſſchenbroek Epitom. Phyſ. Ma- 
themat. Par. II. Cap. 24. Melcbior 22 
Phyfic. Pars ſpecial. Cap. V. F. 8. And the 
Authors referred to in Mr. Johnſon's Quæſtiones 


Philoſoph. 9 IV. Queſt. 7. 
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DISSERTATION VII 


Of the Cauſes of Thunder and Light- 


ning, and of the Aurora Borealis. 


HOSE Philoſophers, who maintain that 
Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
plained in the foregoing Diſſertation) account 
for the Phenomena of Thunder and Lightning, 
in the following Manner : They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 
combuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
of the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance; which, when a ſufficient Quantity of 
fiery Particles is ſeparated from the Vapour by 
the Colliſion of two Clouds, or otherwiſe, 
takes Fire, and ſhoots out into a Train of 
Light, greater or leſs, according to the Strength 
and Quantity of the Materials. „ 
The Opinion is falſe for the Reaſons men- 
tioned in the foregoing Diſſertation, which 
plainly ſhow, that it is impoſſible the Vapours 
ſhould be attended with ſuch fiery Particles, 
as is here ſuppoſed. 7 


Neither 


144 Of the Cauſes of Thunder Part II. 

Neither have we Occaſion to fly to ſuch an 
Hypotheſis ; for, as Vapours exhaled from the 
Surface of the Water are carried up into the 
Atmoſphere ; in like Manner, the Efluvia of 
ſolid Bodies are continually aſcending thither : 
Now we find by Experiment, that there are 
ſeveral inflammable Bodies, which, being mix- 


ed together in due Proportion, will kindle into 


Flame by Fermentation alone *, without the 


Help of any fiery Particles 1. When there- 


2 for c 


* See the Theory of Fermentation explained in the following 
Diſſertation. 128 i 


+ Monfierr Lemery having covered up in the Earth about fifty 
Pounds of a Mixture compoſed of equal Parts of Sulphur, and 
Filings of Iron tempered with Water; after eight or nine Hours 


Time, the Earth, where it was laid, ; vomited up Flames. 
Hiſt. de P Acad. 1700. p. 574. 1 8 2 


From this Experiment we ſee the true Cauſe of the Fire of 


Ata and Veſawius, and other burning Mountains. They pro- 
bably are Mountains of Sulphur, and ſome other Matter proper 


to ferment with it, and take Fire. From like Cauſes proceeds 


the Heat of Bath- Waters, and other hot Springe. 

Mix a ſmall Quantity of Gun-Powder with Oyl of Cloves, pour 
gently upon ihis Mixture two or three times as much Spirit of 
Nitre, and you will obſerve a bright Inflammation ſuddenly 
_ arifing from it. A Mixture of the two Fluids alone will take Fire; 
the Powder is added only to augment the Inflammation, 


Take two Pounds of Nitre, or refined Salt-Petre, well dried and 
reduced to: the fineſt Powder, with a Pound of Oyl of common 
Vitriol : From this Mixture may be drawn by Diſtillation a Spirit 


of Nitre capable of inflaming Oyl of Turpentine. Mem. de 
P Acad. 1726, p. 97, &c. Put into a Glaſs, an Ounce of this 
Spirit of Nitre, with an Ounce of Oyl of Vitriol ; pour upon it an 
equal Quantity of Oyl of Torpentine, and a very fine Flame will 
ariſe ſuddenly with a great Exploſion. When the Liquors are 
freſh the Effect is much greater. If we mix a Dram of the Spirit 


of Nitre, and three of Oyl of Turpentine, with only one of the 


Spirit 
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fore- there happens to be a proper Mixture. of 
the Efluvia of ſuch Bodies floating in the 


Air, they ferment, kindle, and flaſhing like 


Gun- powder, occaſion thoſe Exploſions, and 


Streams of Fire, which we call Thunder and 


Lightning. 1 
As to the particular Species of the Euvia, 
which compoſe this Mixture, that cannot ex- 
actly be determined; they are thought to be 
chiefly ſulphureous and nitrous : ſalphureous, 

| becauſe of the ſulphureous Smell which Light- 


ning generally leaves behind it, and of that 
ſultry Heat in the Air which is commonly the 


Fore- runner of it: nitrous, becauſe we don't 


know of any Body ſo liable to a ſudden and 


violent Exploſion, as Nitre is *. © 

AT V 
Spirit of Vitriol, the Mixture will take Fire immediately. If che 
ſame Experiment be made with the Balm of Mecca, a ſudden 
Flame will ariſe, with a Noiſe like that of the Report of a Gun. 


There are two celebrated Experiments of this Kind, though : 
they do not come up exactly to the preſent Purpoſe, becauſe 
they will not ſucceed, unleſs the Ingredients be firſt heated, the 


one of Aurum fulminans, and the other of Pulvis fulminans. 
The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Aqua Regia. A ſmall-Quantity of this, if put into a Braſs Spoon, 
and heated with the Flame of a Candle, cauſes a ſudden Noiſe 


reſembling that of Thunder; and goes off with great Violence. 


The other is a Mixture of three Parts of Nitre, two of Salt of 
'Tartar, and one of Sulphur. This Mixture when ſet upon the 
Fire, and warmed to a certain Degree, is diſſipated all on a ſud- 
den with great Thundering, like the Aurum fulminans., 
See an Account of Exhalations taking Fire of their own 
Accord in Coal-Pits. Power's Experimental Philoſophy, p. 62. 
and 8 © | | 


Dr. Lifter is of Opinion, That the Matter both of Thunder 


and Lightning, and alſo of Earthquakes, is the ERuvia of the 


Pyrites, 
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The Effects of Thunder and Lightning are 
owing to the ſudden and violent Agitation the 


Air is put into thereby, together with the 


Force of the Exploſion * ; and not to Thun- 
derbolts falling from the Clouds, as ſuppoſed 
by the Vulgar F. 33 


Pyrites; as he does, that the Matter of Yulcano's is the Pyrites 


itſelf. This is a Mineral that emits copious Exhalations, and is 


exceedingly apt to take Fire upon the Admiſſion of Moiſture. 
See the Doctor's Defence of his Notion in the Philoſophical 


Tranſactions, Ne. 157. He thinks this may be the Reaſon why 
England is fo little troubled with Earthquakes, and Hab, and 
almoſt all Places round the Mediterranean Sea, ſo very much, 


<iz, becauſe the Pyrites are rarely found in England; and 


where they are, they lie very thin, in Compariſon of what they 


do in thoſe Countries: as the vaſt Quantity of Sulphur, emitted 


from the burning Mountains there, ſeems to ſhew. 


* Lightning is ſaid to have diſſolved Silver, without burning 
the Purſe it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occafion of this 


may poſſibly be, that the Matter of the Exhalation may be ſo 
ſubtle and penetrating, that, as we ſee it happens with Agua 
Fortis, or wolatile Salts, it may paſs through ſoft Bodies with- 
out altering their Texture, while it ſpends its whole Force on 
Hard ones, in which it finds the greater Reſiſtance. 


+ Some are inclined to think, that Thunderbolts are arti- 


ficial, and that they were applied by the Ancients to ſome Uſe; 
What confirms them in their Opinion, is, that they are found 


more frequently where Sepulchres have been, than in other 
Places. And, as it was the Cuſtom of the Ancients to have 
their Arms buried with their Aſhes, they think they might be 


of ſome Uſe in War. Some are of Opinion, they were uſed in 
Sacrifices. See Melchior Verdries Phyſic. Pars ſpecial. Cap. V. 
F. 9. Medelius Exercit. Med. Philol. Cont. II. Dec. I. p. 103. 
Schminckius Prof. Marpurg. Diſfertat. de Urnis Sepulchralibus, 


& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret. 


Weſtphal. Mimigard. Gentil. p. 44. Jo. Henr, Cohar fon 
Offileg. Hiftor, Phyſic. p. 44 5 | | 
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The Diſtance the Thunder i is from us, may 
_ nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
the Thunder. For, as the Motion of Light is 
ſo. very quick, that the Time it takes up, in 

coming · to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- _ 
ſand Fett in- a Second; allowing a thouſand 
Feet for every Second, that paſſes deinen our 
ſeeing the one, and hearing the other; 
have the, Diſtance of the Cloud, pretty da, E 
from whence the Thunder. comes. 8 
We ſometimes ſee Fhiſhes of Lightning,” 
though the Sky be. clear and free from Clouds; 
in. this Caſe —— proceed from Clouds, * 
lie mite been our Horizon. | 


. 


; of Aﬀeinity nee Phonimina of 186. 
ning are thoſe of the Aurora Borealis, or Nor-. 

bern Lights, which, of late Years, have very. - 
' frequently appeared in our Climate x. Theſe: 
5 Lights differ ſo much from each 'Sther, thatto 


5 BY a Dotcziption bf one alone, would not be 


1 
. py af c 4 0 . * 
o .. 


2 Phomidiigh of this Kind, are reported. to have 3 very | 
frequent. in Greenland, Iceland, and Norway, Countries near the 
Pole. The dnly ones, that are upon Record, as having appear- 
ed in Exgland, before that of March the 6th, 1755, are thoſe 


- of *Fanuary the zoth, 1560, Ogober the 7th, 1864, November 


14th and 15th, 1594, and a ſmall one ſeen near Londen on the 
gth of Auguſt, 1708. On November the 16th, 1767, a ſmall 


one appeared in * Frelagds Since that of March the th, 1736, _ 


they haye * and ſill Continue, very common. 


7”... _ 


* 
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The Effects of Thunder and Lightning are 
owing to the ſudden and violent Agitation the 
Air is put into thereby, together with the 
Force of the Exploſion *; and not to Thun- 


derbolts falling from the Clouds, as ſuppoſed 


by the Vulgar T. 


Pryrites; as he does, that the Matter of vulcano's is the Pyrite: 
itſelf. This is a Mineral that emits copious Exhalations, and is 


exceedingly apt to take Fire upon the Admiſſion of Moiſture. 


See the Doctor's Defence of his Notion in the Philoſophical 


Tranſactions, Ne. 157. He thinks this may be the Reaſon why 


England is ſo little troubled with Zarthquakes, and Daly, and 
almoſt all Places round the Mediterranean Sea, ſo very much, 
viz, becauſe the Pyrites are rarely found in England; and 
where they are, they lie very thin, in Compariſon of what they 


do in thoſe Countries: as the vaſt Quantity of Sulphur, emitted 


from the burning Mountains there, ſeems to ſhew. 


Lightning is ſaid to have diſſolved Silver, without burning 


the Purſe it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occafion of this 


may poſſibly be, that the Matter of the Exhalation may be ſo 


ſubtle and penetrating, that, as we ſee it happens with Agua 
Fortis, or volatile Salts, it may paſs through ſoft Bodies with- 
out altering their Texture, while it ſpends its whole Force on 
hard ones, in which it finds the greater Reſiſtance. 

Some are inclined to think, that Thunderbolts are arti- 
ficial, and that they were applied by the Ancients to ſome Uſe: 


What confirms them in their Opinion, is, that they are found 


more frequently where Sepulchres have been, than in other 


Places. And, as it was the Cuſtom of the Ancients to have 
their Arms buried with their Aſhes, they think they might be 


of ſome Uſe in War. Some are of Opinion, they were uſed in 
Sacrifices. See Melchior Ferdries Phyſic. Pars ſpecial. Cap. V. 
F. 9. Medelius Exercit. Med. Philol. Cont. II. Dec. I. p. 103. 
Schminckius Prof. Marpurg. Diſſertat. de Urnis Sepulchralibus, 


& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret. 


Weſtphal. Mimigard. Gentil. p. 44. Jo. Hear. Cohar ſen 
Offileg. Hiftor, Phyſic. p. 44. — & 


The 


Diſſ 


＋TI 


near} 


betw 


the 7] 


ſo ve 


..- coml 
| tible; 
fand 
Feet 
 ſeezny 


have 
from 


W 


"thous 
in. th 
he in 


Of 


ning 
bern 


frequi 


Light 


give: 


” P} 


frequen 


Pole. 


ed in E 
of Jan 
Ith ar 
pth of 
one app 


they ha 


| Diſt vn. of the Aurora Borealis. 147 


| The Diſtance. the Thunder is from us, may 
nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
the Thunder. For, as the Motion of Light! 18 
fo, very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
ſand Fedt in a Second; allowing a thouſand 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the, Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. | 
_—_— ſometimes” ſes Flaſhes of Lightning, 
though the Sky be clear and free from Clouds; 
in. this Caſe they proceed from Clouds, tht 
lie immegiately. belogy our Horizon. 


: of Affiniey wittr the Bhetonina of Light. 
ning are thoſe of the Aurora Borealis, or Nor-. 
bern Lights, which, of late Years, have very. - 
frequently appeared in our Climate x. Theſe 
Lights differ ſo much from each other, that to 
BY a Daſcziption of one alone, would not be : 


= 
* 


s 1 


” Phenmeyt of this Kind are repdrthd to have _ very | 


1 55 frequent. in Greenland, Iceland, and Norway, Countries near the 


Pole. The 6nly.ones, that are upon Record, as having appear- 
ed in England, before that of March the 6th, 1714, are thoſe 
of January the zoth, 1560, Ofober the 7th, 1564, November 

' 14th and 15th, 1594, and a ſmall one ſeen near Londen on the 
gth of Auguſt, 1708. On November the 16th, 1767, a ſmall 
one appeared in Jrelayd, Since that of March the oth, 1755, 
they have been, and ſtill continue very common. | 
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ſufficient to acquaint the Reader with all the 


Circumſtances wherewith they are attended. 


I ſhall therefore collect together ſuch Phæno- 


mena, as have been moſt generally obſerved, 


and reduce them to the ten following Propoſi- 


tions, adding in the Notes, by Way of Speci- 


men, a full Account of that moſt remarkable : 


Aurora, which was ſeen March the 6th, 1778 


162 


as it was laid before the Royal * by „ 


. at their ee 1 05 gh 
be 


4 On Tulday the Gth of Mach, in the Year” 1716 (he Af. 


“ ternoon having been very ſerene and calm, and ſomewhat 


« warmer than ordinary) about the Time it began to grow dark 


(much about ſeven of the Clock) not only 1 in London, but in 
« all Parts of England, where the Beginning of this wonderful 


« Sight was ſeen; out of what feemed a duſky Cloud, in the 
_ £6 North-eaſt Parts of the Horizon, and ſcarce ten Degrees high, 

the Edges whereof were tinged with a reddiſh Yellow, like as 
„ jf the Moon had been hid behind it, there aroſe very long 


fjuminous Rays, or Streaks perpendicular to the Horizon, ſome 
« of which ſeemed nearly to aſcend to the Zenith. Preſently af- 
« ter, that reddiſh Cloud was ſwiftly propagated along the 
„ northern Horizon into the North-weſt, and till farther weſter- 


ly; and immediately ſent forth its Rays from all Parts; now 


formed there a Corona, or Image, which drew the Attention 
« of all Spectators. Some likened it to that Repreſentation of 


<«< Glory, wherewith our Painters in Churches ſurround the Holy 


„ Name of Ged. Others to thoſe radiating Stars, wherewith 
« the Breaſts of Knights of the Order of the Garter are adorned. 

« Many compared it to the Concave of the great Cupola of St. 
Paul's Church, diſtinguiſhed with Streaks alternately light and 
«« obſcure, and having! in the Middle a Spaceleſs bright than the 


« reſt, reſembling the Lanthorn, Whilſt others, to expreſs as 


« well the Motion as Fi igure thereof, would have it to be like the 
2 une! in an Oven, reverberated and rolling 1 the arched 


6 Roof 


here, now there, they obſerving no Rule or Order in their ri- 
ſing. Many of thoſe Rays, ſeeming to concur near the Zenith, 
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The moſt general Phænomena of an Aurora 
Borealis are theſe that follow. 


I. In the northern Parts of the Horizon, 
there is commonly the * of a very 


black 


«© Roof thereof: Some ben it liker to that tremulous Light, 
* which is caſt.againſt the Cieling by the Beams of the Sun, re- 


« flefted from the Surface of the Water in a Baſon, that's a little 


* ſhaken. But all agree, that this Spectrum lalled only a few 
« Minutes, and exhibited itſelf variouſly tinged with Colours, 
“ Yellow, Red, and a duſky Green : Nor did it keep in the 
* ſame Place; for when firlt it began, it appeared a little to the 
« Northwards of the Zenith, but by Degrees declining towards 
the South, the long Seriæ of Light, which aroſe from all 
<« Parts of the Northern Semicircle of the Horizon, ſeemed to 
* meet together, not much above the Head of Caftor, or the 
* northern Tavin, and there ſoon, diſappeared. 

«+ Aſter the firſt Inpetus of the aſcending Vapour was over, 


e the Corona appeared no more; but ſtill, without any Order, 


as to Time or Place, or Size, luminous Radi, like the former, 


continued to ariſe perpendicularly, now oftener, and again 
& ſeldomer-; now here, now there; now larger, now ſhorter. 
Nor did they proceed, as at firſt, out of a Cloud, but oftener 
would emerge at once out of the pure Sky, which was more 
ce than ordinary ſerene and ſtill. Nor were they all of the ſame 


« Form. Moſt of them ſeemed to end in a Point upwards, 
« like ere Cones ; others like truncate Cones, or Cylinders, 


„ ſo much reſembling the long Tails of Comets, that at firſt 
“ Sight they might well be taken for ſuch. Some of thoſe 


cc Rays would continue viſible for ſeveral Minutes; when others, 


and thoſe the much greater Part, juſt ſhewed themſelves, and 
died away. Some ſeemed to have little Motion, and to ſtand, 
* as it were, fixed among the Stars, whilſt others, with a very 
v perceptible Tranſlation, moved from Eaſt to Weſt under the 
Pole, contrary to the Motion of the Heavens; by which 


% Means they would ſometimes ſeem to run together, and at 


other Times to fly. one another. 

After this Sight had continued about an Hour-and a half, 
thoſe Beams began to riſe much fewer in Number, and not near 
3 ts and by Degieen, that diffuſed Light, which had illu- 
Q 2 


* ſtrated 
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black Cloud; but it is evident that it is no- 


real Cloud, becauſe the fmalleſt Stars are vi- 
ſible through it. This apparent Cloud is ex- 


tended ſometimes farther towards the Welt, 


than 


, : ** {trated the northern Parts of the Hemiſphere, ſeemed to ſub- 
_ <. fide, and ſettling on the Horizon, formed the Reſemblance of 
« a very bright Crepuſculum. *That this was the State' of this. 
4. Phenomenon, in the firſt Hours, is abundantly confirmed by the 
% unanimous Conſent of ſeveral.. For, by the Letters we have 
„received from almoſt all the extreme Parts of the Kingdom, 

„ there is found very little Difference from what appeared a 


London and Oxford; unleſs that in the North of Englan 


and in Scotland, the Light ſeemed ſomewhat ſtronger and 


“brighter. 


„„ FJitherto J have related the Obſervations of others; as to 


«« myſelf, I had no Notice of this Matter, till about nine of the 


Clock: I immediately perceived toward the South and-South- - 

« weſt Quarter, that though the Sky was clear, yet it was tinged 
with a ſtrange Sort of Light; ſo that the {maller Stars were 
© ſcarce to be ſeen, and much as it is when the Moon, of four 

„Pays old appears after Twilight. I perceived at the ſame 
Jime a very thin Vapour to paſs before us, which aroſe from 
the preciſe Eaſt Part of the Horizon, aſcending: obliquely, ſo 


« as to leave the Zenith about fifteen. or twenty Degrees to the 


* Northward. - But the Swiftneſs, wherewith it proceeded, was 


*« ſcarce to be believed, ſeeming not inferior to that of Lighit- 


ning; andexhibiting, as it paſſed on, a Sort of montentaneous 
* Nybecula, which diſcover'd itſelf by a very diluted and feint 
_ -+* Whiteneſs ; and was no ſooner formed, but, before the. Eye 
could well take it, it was gone, and left no Signs behind it. 
Nor was this a fingle Appearance; but for ſeveral Minutes, 
about fix or ſeven Times in a-Minute, the ſame was again and 
again repeated; theſe. Waves of Vapour regularly ſucceeding 
one another, and at Intervals very nearly equal; all of them 
in their Aſcent producing a like tranſient Nabecula. „ 
y this Particular we were fitſt aſſured; that the Vapour we 
* ſaw, became conſpicuous, by its own wy Light, without the 
Help of the Sun's Beams; for theſe Nubetulæ . did not diſcover 
esc themſelve Vin any other Part of their Paſſage, but only between 


* 


* the South-eait and South, where being oppolite to the Sun, 
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than to the Eaſt; ſometimes farther towards | 
the Eaſt, than to the Weſt ; and generally. takes = 
up a — on the Horizon, more or leſs. 1 

3 | 1 2. The _ 


2 * e I 
w_ * e 
. FI _ 222), 
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they were Jeepeſ immerſed in the Cone of the Earth's Sha- 
« dow; nor were they viſible before or after. Whereas the .. 
«© contrary muſt have happened, had they borrowed their * : 
from the Sun. 5 
On the weltern Side of the northern Horizon, © ix. between 
„ Weſt and North-weſt, not much paſt ten of the Clock, I ob- 
« ſerved the Repreſentation of a. very bright Twilight, con- 
„ tiguous to the Horizon, out of which aroſe very long Beams 
of Light, not exactly ere& towards the Vertex, but ſomething 
e declining towards the South; which, aſcending by a quick 
« and undulating Motion to a conſiderable: Height, vaniſhed in 
« a little Time; whilſt others, though at uncertain Intervals, 
“c ſupplied their Place. But at the ſame Time, through all the 
( *#4 reſt of the northern Horizon, viz. from the North- weſt to | | 
the true Eaſt, there did not appear any Sign of Light to ariſe -_ _ » 
« from, or join to, the Horjzon ; but what appeared to be an þ 
„ Exceeding black and diſmal Cloud, ſeemed to hang over all 
that Part of it. Vet was it no Cloud, but only the ſerene Sky, » 
more than ordinary pure and limpid, ſo that the bright Stars 4 
„ ſhone clearly in it, and particularly Canuda Cygni, then very * . 
1 low in the North; the great Blackneſs manifeſtly proeeeding 
from the-Neighbourhoad of the Light, which was collected 
above it, For the Light had now put on a Form quite different 
« from all thatwe have been deſcribing, and had faſhioned itſelf . 
e into the Shape of two Laminæ, or Streaks, lying ia a Poſition 
parallel to the Horizon, whoſe Edges were but Il terminated. - | 
«.They eftended theniſclves from the North by. Eaſt to tge 
. « North-eaſt; and were each about a Degree broad; the under- 
* moſt about eight or nine Degrees high, and the other about 
four or five Degrees over it; theſe kept their Places for a long 
"06 Time, and made the Sky fo light, that I believe a Man might 
d eafi'y hive read an ordinary Print by the Help thereof. 
„ Whilſt I was viewing this ſurpriſing Light, and expecting 
„what was farther to come, the northern End of the upper La- 
% nina by Degrees went downwards, and at length cloſed with 
« the End of the other that was under it, ſo as to ſhut up on the 
* * Side an intermediate Space, which ſtill continued.open + 
* | „ | 66 to 4 
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2. The upper Edge of this Cloud (which 


is ſometimes within leſs than ſix Degrees of 
the Horizon, and ſometimes forty or fifty above 


00 


& to the Faſt. Not long after this, in the ſaid included Space, I 
* ſaw a great Number of ſmall Columns, or whitiſh Streaks, to 


appear ſuddenly ereC to the Horizon, and reaching from the 


* one Lamina to the other; which inſtantly diſappearing, were 
„ too quick for the Eye, fo that I could yot judge, whether they 
«© aroſe from the under, or fell from the upper; by their ſudden 


«« Alterations, they made ſuch an Appearance, as might well 


*© enough be taken to reſemble the Conflict of Men in Battle. 


And much about the ſame Time, there began on a ſudden to 


appear, low under the Pole, and very near due North, three or 


« four lucid Areas, like Clouds, diſcovering themſelves in the 
pure but very black Sky, by their yellowiſh Light. Theſe, as 


* they broke out at once, ſo after they had continued a few 
Minutes, diſappeared as quick, as if a Curtain had been drawn 


«© over them: Nor were they of any determined Figure, but both 


„in Shape and Size might properly be compared to ſmall 
“ Clouds illuminated by the full Moon, but brighter. | 
Not long after this, from above the foreſaid two Laminæ, 
there aroſe a very great Pyramidal Figure, like a Spear, ſharp 
at the Top, whole Sides were inclined to each other, with an 


an equable, and not very flow Motion, from the North-eaſt, 
where it aroſe, into the North-weſt, where it diſappeared, ill 
Keeping in a perpendicular Situation, or very near it; and 
paſſing ſucceſſively over all the Stars of the little Bear, did 
not efface the imaller ones in the Tail, which are of the fifth 
Magnitude ; ſuch was the extream Ririety, and Perſpicuity 
of the Matter whereof it conſiſted. | . 

« 'This ſingle Beam was very remarkable for its Height. above 


* all thoſe, that, for a great while before, had preceded it, or 
« thar followed it, 1 5 | 


It being now paſt eleven of the Clock, and nothing new of- 


*“ fering itſelf to our View, but repeated Phaſes of the ſame 
** Spectacle; I obſerved, that the two Laminæ, or Streaks, 
„parallel to the Horizon, had now wholly diſappeared ; and 


the whole Spectacle reduced itſelf to the Reſemblance of a very 


93 5 | | 1 6 bright 


Angle of about four or five Degrees, and which ſeemed to 
reach up to the Zenith, or beyond it. This was carried with 


at 9 
* 


n 
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it) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broad, 


whoſe Center is below the Horizon. Some 
| times 


4 bright Crepuſculum ſettling on the Northern Horizon, ſo as to 


be brighteſt and higheſt under the Pole itſelf ; from whence it 


* ſpread both Ways into the North-ealt and North-weſt. Un- 


„ der this, in the Middle thereof, there appeared a very black 
«© Space, as it were the Segment of a leſſer Circle of the Sphere 


cut off by the Horizon. It ſeemed to the Bye like a dark 


« Cloud, but was not ſo; for by the Teleſcope the ſmall Stars 
appeared through it more cleariy than uſual, conſidering 
* how low they were: And upon this as a Baſis, our Lumen 
% Auroriforme reſted, which was no other than a Segment of a 
Ring, or Zone of the Sphere, intercepted between two pa- 


« ralle! leſter Circles, cut off likewiſe by the Horizon; or the 
« Segment of a very broad 7r:s, but of one uniform Colour, 


% viz. a Flame-Colour inclining to Yellow, the Center thereof 
being about forty Degrees below the Horizon. And above 
5 this there were ſeen ſome Rudiments of a much larger Seg- 
„ ment, with an Interval of Sky between, but this was ſo ex- 
e ceeding feint and uncertain, that I could make no proper 
„ Eftimate thereof. | | 

„I attended this Phenomenon till near three in the Morning, 
tc and the Riſing of the Moon: But for above two Hours toge- 


5 ther it had no Manner of Change in its Appearance, nor Di- 


„ minution, nor Increaſe of Light; only ſometimes, for very 


« ſhort Intervals, as if new Fewel had been caſt on a Fire, the 


Light ſeemed to undulate and ſparkle not unlike the riſing of 


© a yaporous Smoak out of a great Blaze when agitated. But 
* one Thing I aſſured myſelf of, that the Jristlike Figure did by 
«© no means owe its Origin to the Sun's Beams: For that about 


three in the Morning, the Sun being in the Middle between 
„ the North and: Eaft, our Aurora had not followed him, but 


« ended in that very Point where he then was: Whereas in the 

* true North, which the Sun had long paſſed, the Light re- 

“% mained unchanged, and in its full Luſtre.“ | 
| Appearances of this Kind have been taken Notice of both by 


Pliny, Seneca, and Ariſtotle; the laſt of which calls the vibrating 
Light near the Zenith, Qanhol; the more ſteady perpendicular 


Streams, Aoxor ; and the Aurora itſelf, from the apparent dark 
Cloud juſt below it, X47wa. That Aurora which was obſerved 


by 
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times there are two or more of theſe Arches, 


one above another. In ſome, the Cloud is not 


terminated by an Arch, but by a long bright 


Streak 


| by Monſicur Gefſendi in Provence, or the 21ſt f September, in 
the Year 1621, was very remarkable, at that Time. 5 


He tells us, that aboùt the End of Twilight in the Evening. 5 


when the Sky was very clear, and there was no Moon, there 


appeared in the North a Sort of a riſing Morn, which aſcend- 
ing by Degrees, became intermingled with certain Streaks, as 


it were, or Rays perpendicular to the Horizon: And that at the 
ſame Time there appeared ſome {mall paſſing whitiſh Clouds 
between the South and the Place of the Sun's ſetting in Winter : 
and that in the Place where the Sun ſets in Summer, a, bright 


Redneſs ſeemed to ariſe in the Form: of a Pyramid, which 
moved towards. the ſetting. of the Sun at the,Equinox 3 and 
which was diſtinguiſhed into three ſeveral. Pyramids, which in 
a little Time were confounded one with another, and at-laſt 
diſappeared. - When this Redneſs ceaſed, the northern Whiteneſs 
was riſen forty Degrees and more, that.is, about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up near 
Fxty Degrees of the Horizon, -. After this, certain Chewrons, or 


Columns of Rays, ſome.whiter, and ſome a little darker, began 


more plainly to be diſtinguiſhed, of about two Degrees in 


- Breadth, and. perpendicularly poſited ; ſo. that-all that Part ap- 


peared. as it were fluted. The whole Circumference imme- - 
diately appeared . ſcalloped z and then. ſome of thoſe Columns 
which were in the Middle, and that were the whiteſt, began as 


it were to leave their Places with great Impetuoſity, and in leſs 
than a Quarter of a Minute, raiſed themſelves almoſt to*the 


| : Top, putting on the' Form of Pyramids, which they would re- - 


tain four or five Minutes. It was about nine of the Clock, 


when the Arch of Whiteneſs began to decreaſe or fink ; at 


which Time certain. very. white Streams of Smoke began to 


iſſue out from the Columns which were remaining under the 
. - Pyramids, and darting ' upwards with very great Rapidity - 
— the Pyramids, hke Javelins, vaniſhed immediately 
when they came to the Tops of them. This Spectacle laſted - 
about an Hour; after which the Whiteneſs ſunk down to 
about fix Degrees of the Horizon. Vide Abrege de Gaſſendi, 


t 


Jom. Tt 245. . 


© This 


«A 


ds, 
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Streak of Light, lying parallel to the Horizon. 
The Limb of this luminous Arch, or parallel 
Streak, is not always even and regular, but 
finks lower in ſome Parts, than in others, 
3. Out of this Arch proceed Streams of 
1 Eibe, generally perpendicular to the Horizon, 
baut ſometimes à little inclined to it. Moſt of 
& . - them ſeem to end in à Point, like Pyramids 
or Cones-;: and often very much reſemble. the 
Tails of Comers. Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 
the Streams ſeem to iſſuè out from behind the 
dark Cloud, being diſtinet from each other * 
their BAE. 5 
4. The upper Ends of hs Streams iet . 
ly appear and vaniſh again, as quick as if a 
.Curtain were drawn backwards and forwards Ew 
before them; which ſometimes cauſes ſuch a 25 
| ſeeming Trembling i in the Air, that you would 


This i LE not only. to Gafſend:” in 3 5 
but was ſeen at Places very diſtant from thence, as Toloſe. Mon- 
taubon, Bourdeaux, Grenoble, Dijon, Paris; and Roan, &c. and 
at moſt other Places in I. ance, and the neighbouring Countries,” 
that lie to the Northwards of Provence, unleſs Where it was in- © 
tercepted by Clouds ; but no where in ſuch : as lie at any great Dn, 
. Diffance- to the Southwards of it. \ 

Monſieur Gaſſendi is thought to. have given the Name of + 
'" Gora Borealis to this Phenomenon ; but this is obſerved by 
| Monſieur Maitan, to be a Miſtake, ',See Mr. Matrar's Phy- 

cal and Hiſtorical Treztife of the Aurora Borealis, in the 
emoires de l Academie Royale des Sciences, Annte 1731. or an | 
' Abliratt of it in * Tranſact. Ne. 4 * ? 


imagine . 


ot 
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imagine the upper Part of the Heavens to be, | 


as it were, in Convulſions * 


5. They ſometimes ſeem to meet in the 2. 


nith, or more commonly to the Southward of 


it, about ten Degrees, more or leſs (ſometimes 
they deviate a little to the South-eaſt of the 


Meridian, and ſometimes to the South-weſt); 


and there curling round, in ſome Meaſure, imi- 


tate Flame confined under an Arch; and being 


frequently tinged with various Orders of Co- 


lours, exhibit a moſt beautiful Appearance, re- 


3 ſembling a Canopy finely painted . of about 

ten or twenty Degrees in Breadth. 

In many Aurora's, there are Streams ISTH 

ing from thoſe Parts of the Heavens, which lie 
ſeveral Degrees to the Southwards of the Cano- . 
py; and in ſome, they appear to ariſe, though 

very rarely, almoſt as large and numerous 

from the ſouthern, | as from the northern Parts 7 


of the Horizon. 


6. The Height of he Aurora Borealis is 
very great; for that of March the ſixth, 1718, 
was viſible from the Weſt Side of Ireland, to 
the Confines of ' Ruſſia and Poland on the 
Eaſt, and perhaps farther ; extending at leaſt 
over thirty Degrees of Longitude, and in La- 


„ See their Motions well deferibed i in the Account we have. 
of an Aurora in the Philoſoph. Tranſact. No. 395. Art. 2. 


| + See the various Colours of the Canopy, as well as thoſe of 


. an' Aurora itſelf, accurately deſcribed' by Greenwood, in Philo- 


foph. Tranſact. Ne, 418. re . 
titude 
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titude from about the fiftieth Degree over al- 


moſt all the North of Europe, and at all Places 
exhibiting, nearly at the ſame Time, the ſame 
Appearances. 

7. Theſe Appearances have always been 
very frequent (as far as the Accounts we have 
of them inform us) in Countries that lie in, or 


near the frigid Zone, but very rare in thoſe 


of our Latitude; they are now become very 


frequent with us, but always ſeem to proceed 


from the North; and are as yet unknown to 
the Inhabitants of the more ſouthern Parts of 
our Hemiſphere. Whether they are ſeen to 


thoſe, who inhabit in, or near the other frigid 
Zone. is to us unknown. 


8. In ſome, there are Trains of Light run- 


ning horizontally, ſometimes from the Middle 
to the Extremes, and ſometimes from one Ex- 


treme to the other. And from theſe Trains 
often ariſe Streams perpendicular to the Hori- 
zon, and accompanying them as they paſs 
along. 

9. When all the streaming is over, the Au- 
rora Borealis commonly degenerates into a 


bright Twilight in the North, and there gra- 
dually dies away. 


10. It is probable, that theſe Phun | 
often happen in cloudy Nights, though we are 


not ſenſible of them; for *tis obſervable, that 


in ſuch Nights there is frequently more Light 
| than 
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than what uſually proceeds from the Stars 


. i 
» *# 9 ** 
* ” 


* be moſt obyious Solution of the Aurora 
Borealis, or at leaſt what would appear ſo, 
to ſuch as have only attended to the Cireum- 
ſtances of ſome particular ones, and which has 

accordingly been affixed by feveral * to their 
Accounts of the - Aurara's they have ſeen, is, 

that it is a thin Nitro- ſulphureous Vapour, - 


raiſed in our Atmoſphere confiderably higher 


than the Clouds; that this Vapour by Fer- 
mentation takes Eire, and the Exploſion of 
one Portion of it kindling: the next, the 
Flaſhes ſucceed one another, till the whole 
Quantity of Vapour within their Reach is ſet 


3 


v Profeſſor Cotes, at the End of his Deſcription of a Plæno- 
rtrenon of this Kind, inſerted in the Philoſophical Tranſactions, 
No. 365, obſerves, that ſuppoſing a Fund of Vapoyrs or Exha- 
lations at a conſiderable Height above os to be diffoſed every, 
Way into a large and ſpacious Plane, parallel to the Horizon, 
that Fund of mixed Matter by Fermentation will emit Streams; 
and that, if the Wind be ſtill, they: will aſcend perpendiculatly .. 
upwards ; otherwiſe they will be inclined towards that Point of 
the Horizon which is oppoſite to that from which the Wind 
blows ; and that they will appear, by the Rules of Perſpective, 
in the firſt Caſe, to converge to the SpeQator's Zenith, in the 
other, to ſome Point not far from it; and that, if. this Fund of 
'. Vapours be ſituated more ta che North than the Sduth, it will 
produce Streams of Light, attended with Juch Circumſtances as 


then appeared: But he does not ſay, why the Vapours ſhould 


"IT be ſituated rather to the North than to the South,: or proceed to 5 
ÃcXccount for all the Phęname na of the Aurora Borealis in general 
„ EE. 5 


* 


. 
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Some have thought, that Vapours tarefied 


exceedin gly by. ſubterranequs Fire, and tinged 


9 with. ſulphuredus Steams, might from thence 


be diſpoſed to ſhine in the Night, and riſing 


up to the Top of the Atmoſphere, or even be- 


. yond its Limits (as. we find the Vapours of 


;  Gun-powder, when heated in Vacuo, will ſhine 
in the Dark, and aſcend to the Top of the 


Receiver; though exhauſted)” might 8 4 
thoſe Undulations in the Air, which eonſtitute 


this Phenomena. . 


But theſe # potheſes have been Wen as 


inſufficient; it ing been thought impoſſible 
to account for all the Circumſtances of the 
4 Aurora by them . 8 . 


. I n a tes of the Academy of Science at 8 


burgh, J find a late Solution of the Aurora Bortalis from Exhala- + 
Tions fermepting and taking Fire in the Atmoſphere, which, the 
Author Chr. Maier ſays, occaſion the Appearance of the lucid Wt, 
Arch. in the Nörth, and thinks that the Streams, which ſeem . . - 
to iſſue from thence,” are no other than the Light of that Arch 
reflected to us from the under Side of ſome thin Clouds, that 


lie above it. As to its appearing in the North rather than in the 


South, he ſuppoſes that may be owing to the Cold pf thoſe Re- 
ions condenfing the Exhalations, and thereby rendering them 


more liable to ferment: than they. are in the ſouthern 3 but 


T; acknowledges ingenuouſly, that he has. no Reaſon to ſuppoſe : 

this, but its being neceſſary to his Solution. At the End he tells 
us, That it was known. in ancient Times as well as lately: But 
omits taking Notice, that it appears much oſtner of late Tears 
in our Climate thin it uſed th do und ſo avoids accounting for 
that Particular. Jide Commentar, Academ. Scientiar. Imperial, . 
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"Ie" Halley therefore has Recourſe to the 
magnetic Effluvia of the Earth, which he ſup- 
Wo poſes to perform the ſame Kind of Circulation 
with Regard to it, as the Effluvia of any par- 
ticular Terrella * do with reſpect to that, viz. 


* 


' fame Diſtance from the northern : And thinks, 


they may ſometimes, by the Concourſe of ſe⸗ | 
veral Cauſes very rarely coincident, and to us 
as yet unknown, be capable of producing * 
ſmall Degree of Light, either from the greater 


Denſity of the Matter, or perhaps from the 


_ greater Velocity of its Motion; after the ſame 
Manner, as we ſee the Efluvia of Eleliric 8 


Bodies emit Light in the Dark. 


Monſieur de Mairan has given ys a Phyſi- : 

cal and Hiſtorical Treatiſe of the Aurora Bo- 
realis, and endeavours to prove that it is owing 

to the Zodiacal Light, or the Atmoſphere of 

the Sun, ſpread on each Side of. it along the 

Zodiac in the Form of a Pyramid. This, he 
ſays, is ſometimes extended to ſuch a Length 8 
as to reach beyond the Orbit of our Earth, and 
then mixing itſelf with our Atmoſphere, and 
. of an Heterogeneous Nature, produces | 


LY * * o f 


* A round Magnet, ſo called From the Reſemblance it bears 5 


. to o the Ar 
| 1 


a * 4 , 4 9 p 
* a . 


that they enter the Earth · near the South Pole, | 
and pervading its Pores, ' paſs out again at the 


the 
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the ſeveral Appearances, which are obſerved - 
in the Aurora Borealis . 


1 ave juſt mentioned theſe. two Solutions, 


| . wean they. come from two very ingenious 


Philoſophers; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious Reverzes of Perſons 


determined to frame an Hypotheſis at any Rate. 


I queſtion not, but we may find Materials. for 
the Aurora Borealis, without going ſo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Effluvia of the 
. Earth, or the Zodiacal Light, the Nature of 
both Which we are wholly unacquainted with. 
The Materials.employed. in the firſt Solution 
(I mean-ſuch Effuvia as are continually ex- 
haled from the Surface and Bowels of the 
Earth) if rightly conſidered, will afford a ver 
eaſy and natural one, as J ſhall endeavour to 
fiew'1 in the following Manner. 
Firſt, we are aſſured by Experiment, that 
there are ſome Steams (as wales ſulphu- 
reous ones) which are capable of fo great a De- 


gree of Expanſion, that the will render them- 


. ſelves lighter than the Air they float! in, though 


"2 See hix Actount at large, referred | to at od Eng of Note, 
Page „„ 1 
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it be as rare, as it can be made by Art; I for | 5 

they willbriſe to the Tope of the Receiver, when I, | tor 

Cf SM erb 8 * that i Is, wheh as much Air, as 18 | per 

| * poſlible; is drayn out : Such Steams there- Wh 

fore or Exhalations, rifing out of the Eartn "ris 

MO - _ For Mine, Vulcano s, Sc. muſt neceſſarily - | | Ca 
7 I be buoyed up towards the Top of the Atmo- f | To 
„„ Pbere, at leaſt, till they come to a. Region, vol 
3 5 where the. Air is as rare and expanded, as it SE 
can be made by the Air Pump, here below. - - | pol 


This Height, kl: * lg to Dr. Halley's Com- . 
putation F, (which he founded upon the Airs 
| c Elaſticity) is about forty or fy Miles: but 1 
1 = "Res it is much greater; for the Air, 
VF higher than. Yaponrs, and other Hee . 
TOS .  ferogeneous Matter, that is not elaſtic, fiſe to, 
DE... Wo. much purer than any we can make Ex. 
Z periments upon, may be indued with a much 
6 greater Degree of Elaſticity, and ſo the At- 
"a may be conſiderably higher, than 
what he, upon that Frigcipls, e it 0 
„ 
. Secondly, Theſe Effuvia 'S. hang raiſed to 
ith the 1e 01 the Atmoſphere, or near it, and 
llcating there, will neceſſarily be carried to- 
Wo . - wards the polar Parts thereof, for the follow- 
e ing Reaſons. 1. Becauſe the ſuperisr amen 


= W — * 


* dee Philosoph. Tranſakt Ne. 347, and 360.» „ 
+1 is impoſſible to extract all the · Air out of a Veſſol, 1 | 
it is by the Spring of khe Air remaining in the Veſſel, that the . 
Valves of the Purbp. are opened at: each Stroke. N 
3 * E No. WI. b 
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. of the Air, to a gent. Diſtance from the E qua- 
tor, is that Way R. 2. We know from 805 
periment, that whatever ſwims upon a Fluid 

which revolves upon an Axis, is thereby ca- 
ried towards that Axis. This is exactly the 

Caſe of theſe Effizvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 


volves about the Axis of the Earth; they muſt 


therefore neceſſarily be carried towards the 
polar Parts thereof. N 
Thirdly, Theſe: Euvia being collected 75 
together at, or near the Poles, and of an in- 
flimmable Nature, may eaſily be ſuppoſed to 


ferment; when they meet with other heteroge- 


neous ones proper to produce ſuch an Effect, 
- and emit Streams of Fire ; which Streams = - | 


naturally riſe up into ſuch Parts of the Atmo- 


_ ſphere as are ſtill lighter than that wherein the = 
Elvia reſt, that is, directly upwards from 
the Center of the Earth. But, according to the 


Rules of Perſpe#:ve, thoſe Streams, though 


they really diverge, as Radii from a Center, 
will appear to a Spectator on the Surface of the 
Earth to converge towards x Point: which 


Point will ſeem to be directly over his Head, if 
the Streams aſcend 1 in right Lines from the Cen- 


ter of the Earth: but if they deviate all one 


12 from 1 Direction, the Point will be on 


* * explained in, Diſſertation v. 
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that Side the Zenith towards which they in- 
Cline *. 


'To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Ceiling of a Room, and a 


Candle placed upon a Table below them, the 


Shadows of them all will converge towards the 
Point, that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
- Point of Convergency will remove from over 


the Candle, towards that Side of the Room to 


which the upper Ends of the Strings incline : 
Now if a Perſon had viewed them from the 
Place where the Candle was, and referred their 
Places to the Ceiling, they would have ſeemed 
to him to have converged towards the Point, 
where the Shadows did. 

And if the Streams ſpread themſelves as 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends, 


like Cones or Pyramids ; juſt as the Sides of a | 
long Walk ſcem to a Perſon that views them 


1 This may be made to appear in the following Manner; Let 
ADB (Fig. 38.) repreſent the Concawe of the Heavens, AB the 
Horizon, C the Place of the Spectator, TV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Sc. Theſe 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence to the 
Spectator's Eye, be parallel to the Streams. For Inſtance, the 
Stevan EG will ſeem to riſe from e to g, LM from / to , and 
FH from f to h, and ſo of the reſt. And NO will appear wholly 


in D, the Place to which the reſt ſeem to converge. And if the 


Streams are as large, or ſomewhat larger at the upper. Ends, than 


at the lower, they will ſtill appear leſs there, _ Ends being 


fartheſt from the Spectator's Eye. 
from 
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from one End of it, or from a diſtant Place, 


to approach each c othier at that which is fartheſt 


from him. 


This being premiſed, v we may now account 
for the ſeveral Phenomena of. the Aurora Bo- 
realis before laid down, As, 

1. The Blackneſs of the Sky, which gene⸗ 


rally appears in the northern Parts of the Ho- 


7120n, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
ſmalleſt Stars are ſeen through it: 
2. The lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve; 
ſometimes of a ſtraight Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve : For, "by the Rules 
of Perſpective, when a ſtraight Line is diſtended 
horizontally, and above the Spectator's Eye, 


it ought to appear bent into a Curve, whoſe 


Center is below the Horizon x. Sometimes 
it 5 one Side the North Point, more 


* Thus, when a Perſon ſtands fronting a Row of Houſes, and 
looks over the Tops of them, if they are all of an equal Height, 


that Houſe which is neareſt him, will ſeem to cut the Heavens io 
a Point that will be higher than where it is cut by any of the relt ; 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the 8 . | 


will deſcend lower and lower, as the Houfes are 1 off; 


that the Points, taken all n, will repreſent a Curve. 
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than on the other ; ſometimes regular, fome- 
times irregular, as the various Circumſtances 
of the Air's Motion at the Top of the Atmo- 
ſphere, and of the Situation of the flaming 
Matter, may be. 

3. The Streams of Light, iſſuing out of the 
lucid Arch, are Streams of Fire emitted up- 


wards from the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the SpeCtator, 
Why they incline a little ſometimes from the 


Perpendicular, will be explained in the fifth 


Remark, where we account for -the Situation 
of the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 


the Horizon, or by the Vapours which float 
in great Quantities therein. os aerrnrros 


4. The trembling obſerved in the upper Part 
of the Heavens, is owing to the Quickneſs 
wherewith the Flaſhes ſucceed one another, 
and alſo to the irregular Motions and Agitations 
of the ſuperior Parts of the Atmoſphere. 


5: So long as the luminous Matter of the 


Aurora 18 all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 


the Top, as will appear to any one that conſi- 


ders the Figure referred to in the Note (p. 164); 


but atter it has advanced forwards, or become 


. Kindled over our Heads, then they appear to 
meet, and form the Canopy already deſcribed ; 


and when it has paſſed further ſtill, they ſeem 
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to ariſe from all Parts; though they are mach 


fainter on the ſouthern than on the northern 


Side, ſo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever; paſſes. The Reaſon 


why the Center of the Canopy 1s generally a 


few Degrees to the South of the Spectator's 
Zenith * is, becauſe the luminous Streams, 


which iſſue forth from the extreme Parts of the 


Subſtance of the Aurora, will naturally diverge 


a little from the middle ones; and; as thoſe 
which appear to us, proceed chiefly from the 
| ſouthern Side (that being neareſt to us) the 
Point of Convergency will neceſſarily be placed 
to the South of our Zenith, according to what 
was ſaid above about the Inclination of the 
Strings hanging from the Ceiling of a Room. 
If the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
of the Meridian, that depends upon the Mo- 
tion of that Part of the Air, which 3 is above 
the Subſtance of the Aurora, and through 
which the Streams paſs, as they riſe. This 
alſo it is that makes the Streams ſeem to ariſe 

ſometimes a little obliquel yr 


+ lebendes to this Theaky, the ander of the Canopy will 


always be near the Spectator's Zenith, where-ever he is; which 
I believe is the Caſe, for J have met with no Account where 


it is otherwiſe ; and ſo every Spectator ſees a different Canopy, | 
| Juſt as, when ſeveral Perſons are viewing a Rainbow, no two 


Perſons fee the ſame Rainbow at the ſame Time. See Part TIE: 


P. 208, x | 
„„ & The 
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6. The great Height of the Aurora is ow- 
ing to the exceeding Lightneſs of the Euvia, 
which compoſe the Subſtance of it (as ex- 
plained above) and the darting of che Streams 
upwards, into Regions perhaps quite above 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame r e e at the 
ſame Time. 

7. That the Aurora appears near the Pole, 
and never at or near the Equator, 1s becauſe 
of the Tendency the Matter of it has towards 

the Poles, as explained above. And that it 
appears in Places more diſtant from the Pole, 
than it formerly did, is becauſe the Efiuvia, 
which are now raiſed from the Earth, are 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with others, 
which were formerly raiſed, and are now 
grown effete by een Fermentations and 
Explotions. ; 
8. The horizontal Trains of Light are the 
Subſtance of the Aurora juſt taking Fire, 
which runs from one Part to another, as in a 
Train of Gun-powder kindled in any one 
Part; and ſends. up Streams perpendicularly 
from Places, where it meets with a greater 
Quantity of Matter than ordinary, 

9. When the Matter of the Aurora is ſo far 
ſpent, as to emit no more Streams, it appears 
only as a rip Toy Light in the North, 
which 
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which gradually dies away, for Want of freſh 
Fewel to ſupport it. 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 


ter of the Aurora Borealis floats ; it is not at 
all inconſiſtent with the foregoing Theory, if 


it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds below. 


See farther on this Subject, Ariſſotel. Meteor. 
Lib. I. Cap. 4, 5. Plinii Hiſtor. Natural. 
Cap. 26, 27. Senec. Quæſt. Natural. Lib. I. 
Tycoſt. Prodigiorum ac Oſtentorum Chronicon, 


— Julius Obſequens de Prodigiis, Cap. 


13, 43, 88. Gaſſendi Animadverſ. in Diog. 
Laert. Lib. X. p. 1157. Cornelius Gemma 


de divinis Naturæ Characteriſmis. g's 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. Jad. 
Hiiſpal. Hiſtor. Goth. Tom. I. p. 5 Bibli- 
| othec. Orientalis Clementino-Vaticana, Tom. I. 


407. Gregor. Tur. paſſim. Mem. de Lit. 


| ds I Acad. des Inſcriptions & Belles Lettres, 


Tom. IV. p. 431. Miſcellan. Berolin. Tom. I. 


p. 87. Theatr. Comet. Staniſ. Hubienietæ, 


p. 204, 348. Mem. pour ſervir a l' Hiſtor. de 
France, Tom. I. p. 168. Mem. de I Acad. 
Royal de Sciences, for almoſt each Year ſince 

1716. Philoſoph. Tranſ. N-. 305, 310, 320, 


347, 348, 349, 351, 352, 363, 305, 368, 
376, 38 5, 395, 398, 399, 402, 410, 418, 


4313 and the Authors referred to by Mr. Jobn- 


ſon, in his Quæſt. Philoſoph. Cap. IV. 1 2, 
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be amiſs, before I put an End to theſe Diſſer- 


Attractions of Coheſion. Authors diſtinguiſh 
It into two Kinds; the one is that which hap- 
pens when a Solid is diſſolved by a Fluid; the 


_ gether, ferment with cach other. 


' Circumſtances are neceſſary. Particularly Dr. 
Friend *, and Keil +, are of Opinion, 


another. 
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DISSERTATI ON VIII. 


Of Fermentation. 0 | 


Aving had Occaſion to mention ſome of 
the Effects of Fermentation, it may not 


tations, to add a ſhort Account of the Nature A 
of it, and to ſhew how thoſe Effects are pro- b 
duced by it. 


Fermentation 1s a mutual Commotion of the 
conſtituent Particles of Bodies, one among an- 4 
other ; and ariſes from an Inequality 3 in their | 


other is, when two Fluids, being mixed to- 


Thoſe Authors, who have treated of the 
firſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral 


1. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particles of the Fluid attract one 


* See his Chymical Lectures. „ 
+ See his Letter to Dr. Cockburn, De Legibu 1 4. 


2. That 


UW FF pig VIII. Of Fermentation. 171 
* ; 2. That the Pores of the Solid muſt not be 
too ſmall to admit the Particles of the Fluid 
into them. 

| | 3- That the Body be of ſo looſe a Contex- 
ture, that the Force of Impact, with which 


f 3 the Particles of the Fluid * into its Pores, 


if may be ſufficient to diſunite its Parts. 


4. That the Elaſticity of the Particles tends 


Fermentation. 
Dr. Beerhaave makes alſo four Cindidoas 
requiſite Wo 
1. That there be a due Proportion between 
the Size of the Particles of the Fluid, and the 
Pores of the Body to be diſſolved. 
2. That the Figure of the Particles of the 


the Pores of the Solid. 


ciently ſolid, that their Moment, or Force of 

Action may not be too weak. 
4. The laſt Qualification, he MENT is 

A Fg Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
make ſome Stay there, and not immediately 
to paſs through ; but to act every Way upon 
the Solid, as * move towards the external 
Surface thereof, 


* Dr. e Chemifiry, by Shaw, p. 344. 


very much to promote, and augment the 


Fluid have a determinate Relation to that of 


3. That the Particles of the Fluid be ſuffi: | 
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But we have no Occaſion to have Recourſe 
to ſo many Suppoſitions: If the Particles of the 
Solid attract thoſe of the Fluid with a greater 
Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 
is ſufficient; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever the 
other Circumſtances, relating to the Figure or 
Magnitude of Pores, Sc. may be +. 
ks 5 When 


This may be thought an impoſſible Suppoſition, for the 
Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a greater Quantity of 
Surface between every two Particles, one of which is a Particle 
of the Solid, and the other a Particle of the Fluid, than there 
is between every two Particles, which are either both of the 
Solid, or both of the Fluid; and therefore the Particles of the 
Solid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another. 
But it is to be conſidered, that we are not ſo well acquainted with 
the Nature of the Attraction of Coheſion, as to determine exa&3ly 
in what Manner, and by what Laws it acts. The Experiments 
made Uſe of for this Purpoſe, only ſhew that ſo long as we try 
them with the ſame Kind of Bodies, the Attraction is larger 
where the Contact is ſo, See Part I. Chap. III. But we have 
no Method of determining, whether the Difference of Attrac- 
tion, which various Bodies exert upon one another, ariſes ſolely 
from a Difference in their Sarfaces, or not. 5 

+ Dem. Thus, let 7, %, f, &c. (Fig. 39.) repreſent a Series of 
the Particles of a Fluid, and 5, s, 3, Sc. a Series of thoſe of a 
ſolid Body, contiguous to one another: and let the pricked 
Lines ff; Ff, &c. repreſent the Forces of Attraction between 
the Fluid Particles one among another, and vs, 7, Ce. 
thoſe of the ſolid ones among themſelves ; and let the black 
Lines f5, sf, &c. expreſs thoſe which are between the fluid 
and ſolid Particles. Now, the latter Forces being by the Sup- 
poſition ſtronger than the former, the fluid Particles will recede 

N from 
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When a Solid is put into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid being at- 
tracted with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and far the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which means, the Diſtances 
repreſented by the pricked Lines becoming greater, the Attrac- 
tions, which they expreſs, will be diminiſhed ; fo that the floid 
Particles will enter quite in between the ſolid ones, and the ſolid 
ones between the fluid ones; and both of them together will 


- conſtitute ſuch. a Series, as is repreſented in Figure 40, in the 
middle Row s, f, 5, F, Sc. where the ſolid and fluid Particles 
lie mixed interchangeably one with another in a right Line. 


Now let it be ſuppoſed, that this Series is contiguous to one 
which confiſts wholly of Fluid above it, as is expreſſed in the 
Figure, and to another below, conſiſting of ſolid Particles only. 
Every ſolid Particle in this Series will be attracted upwards with 


greater Force, than it is downwards; and every fluid one with _ 


greater Force downwards than it is upwards, as appears by bare 
Inſpection of the Figure, where the black Lines, as in the 


former, expreſs the ſtronger Attractions, and the pricked ones 


the weaker. And, if we ſuppoſe the Number of Particles in 
the Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
will not ſtop, till they have quite paſſed through the Solid; for 


they will always find a Series wholly conſiſting of ſolid Par- 
ticles before them, whilſt that which they leave behind, will 


be a Mixture of both. In like manner, the ſolid ones will paſs 
quite through the fluid ones; for they will always meet with 
more fluid ones before them, than they leave behind within the 
Sphere of their own Attraction. Th 


Quan- | 
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Quantities be very unequal, till they are dif- 


fuled uniformly one among another, as we 
may very eaſily conceive; for till then there 


will always be ſome Particles attracted with a 


greater Degree of Force one Way than they 
are another. 


And if more of the Solid be added to this 


Fluid, the Particles of the Fluid will alſo en- 
ter into that Solid, till each is ſurrounded on 
all Sides with ſolid Particles, as far as its at- 
tractive Force reaches. After which the Fluid 


will (as they ſay) be ſaturated, and will diffolve 


no more. 


Again, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe them 
ſelves Arther into the Fluid, till each of them 


1s encompaſſed with Particles of the Fluid, as 
far as its attractive Force extends ; and then 
they will ſpread themſelves no farther. 

But in either Caſe, if another Solid, or 
Fluid, the attractive Force of whoſe Particles 
differ from thoſe of the former, be added, a 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of the 
former Mixture, and of thofe which are now 
added, have ſuch a Relation to each other, as 
1s neceſlary to produce it. 


Upon this Principle it ſhould ſeem, that a 


Fluid ſhould always be capable of diſſolving 
more than an equal Quantity of a Solid; and 
that a Solid ſhould be — of entering in 


and 
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and diffuſing itſelf through more than an 
equal Quantity of Fluid. The Reaſon why 


it is frequently not ſo is, becauſe it commonly 


happens, that the Fluid and the Solid are not 
of equal ſpecific Gravities. When the Solid 
is heavieſt, ſo many of its Particles will not 
aſcend and enter into the Fluid, as would 
otherwiſe have done; and on the contrary, 
when the Fluid is heavieſt, the Weight of 


its Particles will be an Impediment to their 


riſing into, and diſſolving ſo much of the 
Solid as it otherwiſe might have done, 
We have no Occaſion to diſtinguiſh Fermen- 


tation into two Kinds, with regard to its Cauſes; 


for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the one attract thoſe 
of the other, with greater Force than either 


| thoſe of the one, or thoſe of the other attract 
themſelves, a Fermentation will equally enſue, 


the Cauſe being the ſame in both Caſes. 
When two Fluids, or a Solid and a Fluid, 
ferment with each other, if the Agitation and 


inteſtine Motion of their Particles be very 


great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame ; as was ſaid of the 
ſeveral Compoſitions mentioned in the fore- 
going Diſſertations. „ 5 
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See the Authors, who have explained and 
defended the old Solution, referred to by Mr. 


Jobnſon in his Queſtiones Philoſoph. Cap. III. 
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9 Of the Nature and Propagation of Light. 


Z N treating of the Nature of Fluids, I have 
1 explained ſuch Phenomena as reſult from 
: ſmall Particles of Matter collected toge- 


ther, and acted upon according to the 

Laws of Mechaniſm; the Order of my Deſign 
now brings me to ſhew how according to the 
ſame Laws ſuch Phenomena, as reſult from 
the Emiſſion of infinitely ſmall Particles from 
luminous Bodies, are produced; which Phe- 
nomena, being the Means, whereby the Images 
of external Objects are repreſented to our 
Minds, by the Intervention of our Organs of 
2 n Sight, 


4 Of the Wature and Part III. 
Sight, are for that Reaſon called Optical, and 
the Doctrine, by which they are explained, 
the Science of Optics x. | =» 

Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 


Point of its Surface, which iſſue from it con- 


tinually, (not unlike Sparks from a Coal) in 
ſtrait Lines and in all Directions. Theſe Par- 
ticles entering the Eye, and ſtriking upon the 


Retina (a Nerve expanded on the back Part 


of the Eye to receive their Impulſes) excite in 


our Minds the Idea of Light. And as they 


differ in Subſtance, Denſity, Velocity, or 


Magnitude , they produce in us the Ideas of 
different Colours; as will be explained in its 


proper Place. 
© OD. That 


* Optics is generally divided into two Parts, iz. Dieptrics, 
under which is comprehended every Thing that relates to the 


Appearances of Bodies ſeen through tranſparent Subſtances ; and 


Catoptrics, or what relates to the ſeeing of Bodies by reflected 
Light. To theſe we may add a third, which properly comes un- 


der neither of the former Diſtinctions, and that is, The Doctrine 


of Colours, which explains every Thing that relates to the Cauſes 


of the Diverſity of Colours obſervable in natural Bodies. 


+ Tt is more probable, that they differ either in Magnitude, 


or Denſity, than in Velocity or Subſtance. For, if the Differ- 


ence of Colours ariſe from the different Velocity of the Rays of 
Light, then the Colours of Objects would appear changed to an 


Eye placed under Water, or within any Medium differing from the 


Air in Denſity: For when a Ray of Light paſſes out of a Medi- 
am into another of different Denſity, it undergoes an Alteration 
in its Velocity, as will be explained hereafter. And to ſuppoſe 
them to differ in Subſtance, is contrary to that Uniformity of 
Things, which is obſeryable in the Univerſe ; as well as re 
8 | | nant 


. 


8 


Chap. I. Propagation of Light. 5 

That the Particles, which conſtitute Light, 
are exceedingly ſmall, appears from hence, 
diz. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Obje& on the farther Side of it, are ca- 
po of paſſing through it at once without the 
eaſt Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen through it as if no Rays 


| Paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be no 


Obſtacle in the Way to obſtruct the Progreſs 
of its Rays, it will fill all the Space within 
two Miles 'of it every Way with luminous 
Particles, before it has loſt the leaſt ſenſible 
Part of its Subſtance'thereby. _ . 

That theſe Particles proceed from every 


Point of the Surface of a viſible Body, and in 
all Directions, is clear from hence, vis. be- 


nant to that Homogeneity in the primogeneal Parts of Matter, 


which from the Experiments hitherto made, is thought to exiſt 
every where. Whereas, if we ſuppoſe them to differ either in 


Magnitude or Denſity, nothing is more eaſy than to ſee how thoſe 


of the ſame Kind ſhould, however refracted, produce the ſame 
Colours; and alſo how thoſe which produce different Colours, 
ſhould ſuffer different Degrees of Refraction in paſſing through 
the ſame Medium. As to the firſt, it is ſelf-evident, becauſe 
Refraction cannot alter their Magnitudes or Denſities ; as to the 
ſecond, it is probable, that the more intenſe and ſtronger Co. 
lours, the Rays of which ſuffer the leaſt Refraction, are produ- 
ced by the larger, or more denſe Particles of Light: For, that 
ſuch Particles ſhould be leſs refracted than others, is quite con- 


ſonant to the Laws of Attraction of Coheſion, which, as it acts 
in Proportion to the Surfaces of Bodies only, muſt neceſſarily 
affect the larger, or the more denſe Particles, leſs than it does 


the reſt; becaufe ſuch have larger Momenta or Forces in Pro- 
portion to their Surfaces, than others have. 


A 2 cauſe 


G Of the Nature and Part III. 
cadſe where-ever a Spectator is placed with 
Regard to the Body, every Point of that, Part 
of the Surface which is turned towards: him, 
is viſible to him. That they proceed from the 
Body in right Lines, we are aſſured, becauſe 
juſt ſo many and no more will be intercepted 
in their Paſſage to any Place, by an interpoſed 
Object, as that Object ought to intercept, ſup- 
poſing them to come in ſuch Lines. 
The Velocity, with which they proceed 
from the Surface of the viſible Body is no leſs 
ſurprizing, than their Minuteneſs: The Me- 
thod whereby Philoſophers eſtimate their Swift- 
neſs, is by Obſervations made on the Eclipſes of 
Jupiter's Satellites, which Eclipſes to us ap- 
pear about ſeven Minutes ſooner than they 
ought to do by Calculation, when the Earth 
is placed between the Sun and him; that is, 
when we are neareſt him, and as much later, 
when the Sun is between him and us, at which 
Time we are fartheſt from him; from whence 
it is concluded, that they require about ſeven 
Minutes to paſs over a Space equal to the Diſ- 
tance between the Sun and us, which is about 
eighty one Millions of Miles . e 


4 


This affords us another Proof of the ſurprizing Fineneſs of 
the Particles of Light; for the above-mentioned Velocity of the 
Kays is conſiderably more than a Million of Times greater than 
that of a Canon Ball. Were they not therefore inconceivabl 
ſmall, the Eye would be rather wounded than 3 with 
| | them; 


Chap, I. Propagation of Light. 7 


A Stream of theſe Particles iſſuing fro mthe 


Surface of a viſible Body in one and the ſame 


Direction, is called a Ray of Light. 

As Rays proceed from a viſible Body in all 
Directions, they neceſſarily become thinner 
and thinner, continually ſpreading themſelves, 
as they paſs along, into à larger Space, and 


that in Proportion to the Squares of their Dif- 
tances from the Body; that is, at the Diſ- 


tance of two Spaces, they are four Times thin- 
ner, than they are at one; at the Diſtance of 


three Spaces, nine Times thinner, and ſo on: 
the Reaſon of which is, becauſe they ſpread 
themſelves in a twofold Manner, v/z. upwards 
and downwards, as well as side- Ways. 


5 Saks ad the tender = AS of Plants would be ſo far from 
being cheriſhed by them, that they would be torn in aig 
and not able to ſtand before them. | 


This Propoſition is demonſtrated Wan thus; let 


us conceive two concentric Surfaces ABD, and EFG (Fig. 


| 1.) 
and in theſe, two fimilar Portions ELFI, and AH BK; let the 
Rays CE and CF, with the reſt proceeding from'the Center f 
fall upon the Portion ELFI and cdver it ; z it is evident from In- 


ſpection of the Figure, that the ſame Rays at the Diſtance CH 
will cover the Portion AHBK only; now theſe Rays being the 
ſame in Number at each Place, will be thinner in the former, 
than they are in the latter, in Proportion as that is larger than 
this; but theſe Spaces being fimilar Portions of the Surfaces of 


Spheres, bear the ſame Proportion to each other, that the Sur- 
faces themſelves do, that is, they are to each other as the 
Squares of their Radii CL, CH; the Rays therefore are more 


diffuſed, or thinner in Proportion to the Squares of the ſame 


Radii, or of their Diſtances from the luminous Point C. 
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The Particles of Light are ſubject to the 
Laws of Attraction of Coheſion like other 
ſmall Bodies, for if a Ray of Light be made 
to paſs by the Edge of a Knife, it will be di- 
verted from its natural Courſe, and be inflect- 


ed towards the Edge of the Knife. The like 


Infection happens to a Ray when it enters ob- 
liquely into a denſer or rarer Subſtance than 


that in which it was before, in which Caſe it 
is faid to be refracted; the Laws of which 


Refraction are the Subject of the following 
Chapter *. 15 e N 


The Carteſian Notion of Light, was not, chat ĩt is propa- 


ated from luminous Bodies by the Emiſſion of ſmall Particles, 
ut that it was communicated to the Organ of Sight by their 


Preſſure upon the Materia ſubtilis, with which they ſuppoſed the 


Univerſe to be full. But according to this Hypotheſis, it could 


never be dark; becauſe when a Fluid ſuſtains any Preſſure, if 
that Fluid fills all the Space it takes up, abſolutely, without 
leaving any Pores, which is the Caſe of the ſuppoſed Materia 
fubtilis ; then that Preſſure muſt neceſſarily be communicated 
equally and infiantaneouſly to every Part: And therefore, whe- 
ther the Sun were above or below the Horizon, the Preſſure 
communicated, and conſequently the Light, would be the 
fame, And farther, as the Neſſure would be inſtantaneous, ſo 


would the Light, which is contrary to what is collected, as we 


obſerved above, from the Eclipſes of Jupiter's Satellites. 


n. II. The Cauſe of Refraction, &c. 9 


CHAP. II. 


07 the Cauſe of Refraction, and & 
Law by which it is performed.” 


F Hatever Subſtance a Ray of Light 
| paſſes through, or if it paſs through a 
Space void of all Subſtance, it is ſaid by Phi- 
loſophers to pals through a Medium, and 
therefore if it paſſes out of any Subſtance, as 
Air or Glaſs, into a Vacuum, or the contrary, it 
Is faid to paſs out of one Medium into another. 
All Bodies being endued with an attractive 
Force, which is extended to ſome Diſtance 
beyond their Surfaces; when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe *, and 
what we ſhall hereafter always ſuppoſe, unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance, will begin to be attracted 
towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and'by; and therefore if a Ray 
approaches a denſer Medium in a Direction 
r to its Surface, its Velocity will 


® In oily and inflammable Bodies it happens otherwiſe; for 
they are obſerved to attract more ſtrongly than others of greater 


Denſity, = 
be 


ow — * 1 , *. 
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following Manner. 
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be continually accelerated during its Paſſage 


through the Space. in which that Attraction 


exerts itſelf ; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at 
the oppoſite Side of the Medium, with a greater 
Degree of Velocity than it had before it en- 


tered. So that in this Caſe its Velocity only 


will be altered. Whereas, if a Ray enters a 


denſer Medium obliquely, it will not only 


have its Velocity augmented thereby, but its 


Direction will become leſs oblique to the Sur- 
face. Juſt as when a Stone is thrown down- 
wards obliquely from a Precipice, it falls to 
the Surface of 
nearer to a perpendicular one, than that with 
which it was thrown from the Hand, From 
hence we fay a Ray of Light in paſſing out of 


the Ground in a Direction 


a rarer into a denſer Medium, is refracted 70. 


wards. the Perpendicular ; that is, ſuppoſing 


a Line drawn perpendicularly to the Surface 
of the Medium, through the Point where the 


Ray enters, and extended both Ways, the 
Ray in paſſing through the Surface is refracted 
or bent towards the perpendicular Line; or, 


which is the ſame Thing, the Line which it 
deſcribes by its Motion after it has paſſed 
through the Surface, makes a leſs Angle with 


the Perpendicular, than the Line it deſcribed 


o 


before; All which may be illuſtrated in the 
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2 5 Let us ſuppoſe firſt, that the Ray paſſes 
out of a Vacuum into the denſer Medium A 


BCD, (Fig. 2.) and that the attractive Force 
of each Particle in the Medium is extended 
from its reſpective Center to a E equal 
to that which is between the Lines AB and 
EF, or AB and GH; and let KL be the Path 


deſcribed by a Ray of Light in its Progreſs 


towards the denſer Medium. This Ray when 
it arrives at L will enter the attractive Forces 
of thoſe Particles which lie in AB the Surface 


of the denſer Medium, and will therefore ceaſe 


to proceed any longer in the right Line KLM, 


bak will be diverted from its Courſe by being 


attracted towards the Line AB, and will be- 
gin to deſcribe the Curve LN, paſſing through 
the Surface AB in ſome new Direction as OQ, 


thereby making a' leſs Angle with a Line as 
PR drawn perpendicularly through the Point 


in its firſt Direction n 
Farther, whereas we have ſuppoſed the 


N, than it would have done, had it proceeded 


attractive Force of each Particle to be ex- 


tended, through a Space equal to the Diſtance 
between AB and EF, it is evident, the Ray 
after it has entered the Surface, will ſtill be 


11 xi downwards, till it has arrived at 
the 


the Line EF; for till that Time, there will 
not be ſo many Particles above it which will 
attract it upwards, as below, that will at- 


tract it downwards. 80 that after it has en- 
ener e e 
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tered the Surface at N, in the Direction 02 6 
it will not proceed in that Direction, but will 
Continue to deſcribe a Curve, as NS, after 
which it will proceed trait on towards the 
oppoſite Side of the Medium, being attracted 

equally every Way; and therefore will at laſt 


proceed in the Direction XST till nearer the 


Perpendicular PR than before, 


Now if we ſuppoſe the Space ABYZ not to 


be a J acuum, but a rarer Medium than the 
other, the Caſe will ſtill be the ſame; but 
the Ray will not be ſo much refracted from its 


rectilineal Courſe, becauſe the Attraction of the 


Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of 


thoſe in the lower one, the Attraction of the 


denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 


On the contrary, when a Ray paſſes. 2 
of a denſer into a rarer Medium, if its Direc- 
tion be perpendicular to the Surface of the 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Space of At- 


tration of that Medium (that is, the Space 


wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, it 
will continually recede from the Perpendicu- 
lar during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Earth 
all the time it riſes. 


increaſes its Obliquity 


Thus, fuppoſing the Ray TS paſſing out of the 
denſer 


R N - : P 
„% n 
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denſer Medium ABCD into the rarer ABYZ, 
when it arrives at S it will begin to be attract- 
I ed downwards, and ſo will deſcribe the Curve 
| SNL, and then proceed in the right Line LK, 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 
The Space through which the Attraction of 
Coheſion of the Particles of Matter is extend- 
ed is ſo very ſmall, that in conſidering the 
= Progreſs of a Ray of Light out of one Medi- 
um into another, the Curvature it deſcribes 
in paſſing through the Space of Attraction is 
generally neglected; and its Path is ſuppoſed 
to be bent, or in the uſual Terms, the Ray is 
ſuppoſed to be refracted only in the Point 
where it enters the denſer Medium. 
Now the Line, which a Ray deſcribes be- 7 
fore it enters a denſer or a rarer Medium is | 


| called the Incident Ray; that which it de- i 
: il ſcribes after it has entered , is the Refrafted 
= The Angle comprehended between the In- q 
, 3X Ccident Ray and the Perpendicular, is the Au- 3 
2 gle of Incidence; and that between the refract- | i 
4 ed Ray and the Perpendicular, is the Angle 3 
4 of Refradiion. 1 
; | There is a certain and immutable Law or 

$ Rule, by which Refraction is always perform- 

4 ed; and that is this: Whatever Inclination a 


: Ray of Light has to the Surface of any Med:- 
4 B 2 um 


um before it enters it, the Degree of Refraction 
will always be ſuch, that the Proportion be- 
tween the Sine of the Angle of its Incidence, 


without the Circle PNQ, a Line as MP bedrawn paſſing through 
I the Center of the Circle, and terminated in the Circumference 


the Circle LQ or LP, 4; then will the Diameter QP be ex- 


a 8 yy 
WD — 
+. RE. — 
Face 


- tween the Squares of ML and PL. 2. E. DP). 


firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 


| like Manner as a Prejectile thrown upwards is while it riſes from 
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Ray about to enter the Force of Attraction at H, and let GH 
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and that of the Angle of its Refraction, will 
always be the ſame in that Medium x. 
ee To 


* Lemma. If from a Point as M (Fig. 4.) taken any where 


at P, the Product of MQ multiplied by MP is equal to the Dif- 
ference between the Squares of ML and PL. 25 
Demonſtration of the Lemma. Call MQ, a ; and the Radius of 


preſſible by 26, and the whole Line MP, by a4-26 ; then mul- 
tiplying MQ by MP, that is, a by a- 2b, we have for the Pro- 
duct of this, aa4>2ab, Now the Square of the Line ML, 
which is expreſſible by a-, is aa zal T, and the Square 
of PL is bb ; but the Difference between theſe Squares, wiz. 
aa 2ab. Lb and bb is evidently as , and therefore the 
Product ot M multiplyed by MP is equal to the Difference be- 


Demonſtration of the Tb we When a Ray of Light paſles 
through the Space of Attraction of any Medium, it is evident 
that its Motion will be ſubject to the like Laws with that of 
Projectiles, provided we ſuppoſe it to be ated upon with an 
equal Degree of Force during its whole Paſſage through that 
Space, as is commonly ſuppoſed to be the Caſe in Projectiles to 
whatever Height they are thrown from the Earth, We will 
therefore put a Caſe as nearly parallel as may be to that which 
was demonſtrated of Proje&:es in the ſeventh Chapter of the 


denſer Medium is at all Diſtances the ſame as far as it reaches, 
and that the Ray proceeds out of a denſer into a rarer Medium ; 
in which Caſe it will be attracted back towards the denſer Me- 
dium, during its Paſſage through the Space of Attraction, in 


the Earth. Let then ABCD 6185 4.) repreſent the denſer Me- 
dium, and ABEF the Space of Attraction; and let GH be a 


be produced to M. Now it is evident, that in this Suppoſition, 
the Ray when at H, is in the ſame Circumſtances with a Pro- 
ins ns | Jectile 
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T0 illuſtrate this, Let us ſuppoſe ABCD 


(Fig. 3.) to repreſent a rarer, and ABEF a 


lenſer Medium; let GH be a Ray of Light 
l 1 paſſing 
jefile about to be thrown upwards from H towards M, it will 


Line HM will be a Tangent at H ; and the Line IK, in which 
it would proceed after it has paſſed the Space of Attraction, a 


I, it goes ſtrait on in its laſt Direction. Let the Perpendicu- 
lar IR be drawn meeting GH produced in M, and let KI be 
produced to L. On the Center L with the Radius LI, de- 
ſcribe the Circle PNQ, let fall the Perpendicular LO upon MR, 


H 
to = and therefore the Parameter multiplied by MI is 


equal to HMꝗ. Ayd it is there farther demonſtrated, that the 
ſaid Parameter is equal to four times the Height which a Body 


and conſequently in the preſent Suppoſition it is a given Quan- 


whatever is its Inclination to the Surface AB. Now the Tan- 
gent Kl being produced to L, will by the Property of the Pa- 
rabola, biſect the other Tangent HM, wherefore the Line LO 
being parallel to HR, MR will alſo be biſected in O; and add- 
ing the equal Lines OI and ON to each Part, MN will be equal 
to IR; but the Line IR is alſo a Line independent of the Incli- 
nation of the Ray GH, its Length being determined by the 


Preadth of the Space of Attraction ABEF only, and therefore 
MN is a given Quantity, Now, whereas MI, when multi. 


plied by the Parameter of the Point H,which before was ſhewn 
to be a given Line, is equal to the Square of HM, therefore the 
ſame Line MI when multiplied by any other given Line (viz. 
MN) if it is not equal to, will nevertheleſs bear a given Pro- 
ortion to the Square of HM: But ſince MI multiplied by MN 
an a given Proportion (wiz. a Proportion that does not depend 
on the Inclination of the Ray GH) to the Square of MH, its 
equal, viz. the Product of MQ multiplied by MP (37. El. z.) 
or what is equal to this, the Difference between the Squares of 


ML 


therefore deſcribe a Portion of a Parabola as HI ; to which the 


Tangent to it at I, for after having left the attractive Force ar 


and join the Points Land N. Now it is demonſtrated in the 
Caſe of Projectiles, that the Parameter of the Point H is equal 


muſt fall from, to acquire the Velocity the Projectile has at 
; this Parameter therefore is a Quantity not at all depending 
on the Direction of the Projectile, but on its Velocity only; 


tity, the Ray GH being ſuppoſed to have the ſame Velocity, 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn through 


the Point H, on the Center H, and with any 


ML and PL (by the foregoing Lemma) or, which is the ſame 


Thing, of ML and LI, (becauſe PL and LI are Radii of the 
fame Circle) does ſo too. Now the Square of ML bears alſo a 
given Proportion to the Square of MH (ML being equal to half 


MH) conſequently there is a given Preportion between the 
Square of ML and the Difference of the Squares of ML and LI; 


and therefore there is a certain Proportion between the Lines 
themſelves, viz. between ML and LI. But in every Triangle 


the Sides are proportionable to the Sines of their oppoſite Angles, 


therefore in the Triangle MLI,the Sine of the Angle LMI has a 
given Proportion to the Sine of the Angle LIM, or of its Com- 
plement to two right ones MIK (for they have the fame Sine :) 
But LMI being an Angle made by the incident Ray GH pro- 
duced, with the Perpendicular RM, is the Angle of Incidence, 
and MIK being made by the refracted Ray IK, and the ſame 
Perpendicular, is the Angle of Refraction, therefore in this 
Caſe there is a conſtant Ratio between the Sine of the Angle of 
Incidence, and that of the Angle of Refration. 
WWe have here ſuppoſed that the Force of Attraction is every 


where uniform, but if it be otherwiſe, provided it be the ſame 
every where at the ſame Diſtances from the Surface AB, the 
Proportion between the forementioned Sines will ſill be a given 


one. For, let us imagine the Space of Attraction divided into 


parallel Planes, and the Attraction to be the ſame through the 


whole Breadth of each Plane though different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 
has been demonſtrated above, be to the Sine of the Angle 

of Refraction into the next in a given Ratio; and therefore, 
fince the Sine of the Angle of Refraction out of one will be 


the Sine of the Angle of Incidence into the next, it is evident 
that the Sine of the Angle of Incidence into the ſirſt will be in 
a given Ratio to the Sine of the Angle of Refraction out of 


the laſt. Now let us ſuppoſe the Thickneſs of theſe Planes di- 


miniſhed in infinitum, and their Number proportionably in- 


creaſed, the Law of Refraction will itill continue the ſame ; 

and therefore whether the Attraction be uniform or not, there 

will be a conſtant Ratio between the Sine of the Angle of Inci- 
dence and of Refraction. 2. E. D. N 

5 Radius 
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Radius deſcribe the Circle APBR, and from 
G and I where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and IL 
perpendicularly upon the Line PR, the former 


of thefe will be the Sine of the Angle of Inci- 


dence, the latter of Refraction. Now if in 
this Caſe, the Ray GH is fo refracted at N, 
that GK is double or treble, &c. of IL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
would have been double, or treble, &c. to 
that of its Angle of Refraction. For Inſtance, 


had the Ray paſſed in the Line MH before 
Refraction, it would have paſſed in ſome Line, 
as HN afterwards, ſo ſituated that MO ſtrould- 
have been double or treble, &c. of NQ. 


When a Ray paſſes out of a Vacuum into 


Air, the Sine of the Angle of Incidence is 
found to be to that of Refraction, as 100036 
to 100000. 


When it paſſes out of Air into Water, as 


about 4 to 3. 


When out of Air into Glaſs, as about 17 
to 1 „ 

When out of Lhe into a Diamond, as about 
5 to 2. 
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8 Rays of Light are capable PP PEN? 
their Progreſs altered by Refraction or 
Reflection, it is poſſible they may acquire va- 
rious Inclinations and Directions different from 
thoſe which they had at their Emiflion from 
the Surfaces of viſible Bodies. 

When they recede from each other as they 


paſs along, they are ſaid to diverge; and the 


Point they proceed from, is called the Rati- 
ant Point. 


When they proceed rind any Point ap⸗ 


proaching nearer together in their Progreſs, 
they are then ſaid to converge ; and the Point 
towards which they tend, is called the Focus. 


This Focus may be either real or Inagina- 
75; it is ſaid to be real, when the Rays actu- 
ally proceed to it; but if they are interceptet 


in their Progreſs, or turned another Way be- 


fore they reach it, it is called their * 


Focus. 


Sometimes it happens, that Rays are ſo re- 


fracted or reflected, that they proceed after- 


wards, as from ſome Point, which is not their 
true Radiant, then alſo that Point is called 


their 7 1maginary Focus, 
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When 
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1 When they proceed in parallel Lines, they 

are then called parallel Rays; and both their, 

 =# Focus and radiant Point is ſuppoſed to be at 

" = an infinite Diſtance. e ö 

ʃ3ʃ When Rays paſs out of one Medium into 

. XZ another, they ſuffer various Alterations in their 

; VMotion. All which are expreſſed in the eigh- 
1 teen following Propoſitions. 


I. When parallel Rays fall obliquely on a 
pPlwKksin Surface of a Medium of different Denſi- 1 
ty, they are parallel alſo after Refraction. For | 
having all the ſame Inclination to the Surface, 
they ſuffer an equal Degree of Refraction. 
II. When diverging Rays paſs out of a rarer 
into a denſer Medium through a plain Surface, 
they are made thereby to diverge leſs. 8 
'Y For being all refracted towards their reſpec- 
tive Perpendiculars, (but thoſe the moſt that 
ere the moſt oblique to the Surface,) they are 
brought nearer to a Paralleliſm among them- 
ſelves; that is, they are made to diverge leſs 
= than before. | 
Hee this and the following Caſes expreſſed more 
= aeterminately, and demonſtrated in the Note 
Salo 8. | 1 


pony Roy. "I -. pw. 


III. When 


1. When Rays paſs out of one Medium into another of 
different Denſity through a plain Surface; if they diverge, 
the focal Diſtance will be to that of the radiant Point; if they 
1 converge, it will be to that of 2 imaginary Focus of the 2 
T | * th | DO OMe: ps dens 
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III. When they proceed out of a denſer in- 
to a rarer Medium, the contrary happens; for 
then being refracted from their reſpective Per- 
pendiculars, and thoſe the moſt that are the 
moſt oblique, they are made to diverge more. 
5 IV. So 


dent Rays, as the Sine of the Angle of Incidence is to that of 
the Angle of Re fraction. | 
This Propoſition admits of four Caſes. _ ws 
Caſe 1. Of diverging Rays paſſing out of a rarer into a den- 
ſer Medium. 3 5 | 0 B 
Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer 
Medium, ſeparated from each other by the plain Surface AB; 


ſuppoſe CE and CD to be two diverging Rays proceeding from 


the Point C, the one perpendicular to the Surface, the other 


_ oblique ; through E draw the Perpendicular PR. The Ray 


CD being perpendicular to the Surface will proceed on' in the 
Tight Line CQ, but the other falling on it obliquely at E, and 
there entring a denſer Medium, will ſuffer a Refraction towards 
the Perpendicular EK. Let then EG be the refrafted Ray, 
and produce it back till it interſects DC produced ab, in F; 
this will be the focal Point. On the Center E and with the Ra- 


dius EF, deſcribe the Circle  AFBQ, and produce EC to H; 


draw HI the Sine of the Angle of Incidence and GK that of 
Refraction; equal to this is FP or CM, which let be drawn. 
Now if we ſuppoſe the Points D and E contiguous, or nearly 
ſo, then will the Line HE be almoſt coincident with FD, and 
therefore FD will be to CD as HE to CE; but HE is to CE 
as HI to CM, becauſe the Triangles HIE and CME are ſimi- 
lar ; that is, the focal Diſtance of the Ray CE is to the Diſtance 
of the Radiant Point, as the Sine of the Angle of Incidence 
is to that of the Angle of Refraction. 2, E. P). 
Obſ. 1. Whereas the Ratio of IE to ME, or which is the ſame 
Ving, that of nD to CD bears the exact Proportion of HI to 
CM, and becauſe this, (being the Ratio of the Sine of the Angle 


of Incidence to that of the Angle of Refraftion) i; ue the | f 
fame, the Line In is in all Inclinations of the Ray CE, at the |* 


fame Diſtance from CM ; conſequently had CE been coincident 


avith CD, the Point H had fallen upon n; and becauſe the Circle 


pages through both H and F, E would allo have fallen upon n; 


pon 
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IV. So when converging Rays paſs out of 
da a rarer into a denſer Medium, through a plain 
r | F Surface, they are made thereby to converge 
3 5 = kt 1 | 

> |S For 


J 3 upon which Account the Focus of the Ray CE would have been 
* there. But the Ray CE being oblique to the Surface DB, the 
= Point H is at fome Diftance from n; and therefore the Point 
FO P is neceſſarily fo too, and the more ſoly how much the greater that 
Diſtance is: from whence it is clear, that no two Rays flowing 
| from the radiant Point C and falling with different Obltquities 
- FF on the Surface BD, will after Refraction there, proceed as from 
4 the ſame Point; therefore ſtrictly ſpeaking, there is no one Point 1 
Tr x #n the Line D produced, that can more properly be called the Fo- 
; 1 cus of Rays flowing from C, than another : for thoſe which eu- 
n ter the refracting Surface near D, will after Refraction pro- 
* 4 ceed, as has been obſerved, from the Parts about n; thoſe. auhich 
y [| renter near E, will flow as from the Parts about F; thoſe auhicl. 
e F 
d 


. enter about T, as from ſome Points in the Line DF produced, 
15 &. And it is farther to be obſerved, that when the Angle DCE be- 


18 5 comes large, the Line nF increaſes apace; wherefore thoſe Rays 
, 'Y wwhich fall near T, proceed after Refraction, as from a more 
5 = diffuſed Space, than thoſe which fall at the ſamADiſftance from 
a each other near the Point D. Upon which Account it is uſual 


es 2 with Optical Writers to ſuppoſe the Diſtance between the Points 
of = where the Rays enter the plain Surface of a refracting Medi 


n. um, zo be inconfiderable avith Regard to the Diſtance of the ra- 
ly |* diant Point, if they diverge ; or to that of their imaginary Focus, i, 
d 3 they converge : and unleſs there be ſome particular Reaſon to th. 
E 3 contrary, they conſider them, as entring the refracting Medium 
1- in a Direction as nearly perpendicular to its Surfaces as may be. 
ce | Caf 2. Of diverging Kays proceeding out of a denſer into 
ce a rarer Medium. | 

Y Dem. Let X be the denſer, Z the rarer Medium, FD and 


me | 3 FE two diverging Rays proceeding from the Point F; and ſup- 
to poſing the Perpendicular PK drawn as before, FP will be the 
ile Sine of the Angle of Incidence of the oblique Ray FE, which 


ze in this Caſe being refracted from the Perpendicular, will paſs 
3e on in ſome Line as ER, which being produced back to the Cir- 
at cumference of the Circle will cut the Ray FD ſomewhere, ſup- 
le e | C2 NV poſe 
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For being all refracted towards their reſpec- 
tive Perpendiculars, and thoſe the moſt that 
are the moſt oblique, they themſelves are 


brought nearer to a Paralleliſm, and fo con- 


verge leſs. 


v. On 


poſe in C, this therefore will be the imaginary Focus of the 


refracted Ray ER; draw RS the Sine of the Angle of Refrac- 


tion, to which HI will be equal: but here alſo FP or its equal 
CM, is to HI, as EC to EH, or (if the Point D and E be con- 
ſidered as contiguous) as DC to DF; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of Refraction, 
as the focal Diſtance to that of the radiant Point. 2. E. D. 


Caſe 3. Of converging Rays paſſing out a denſer Medium 


into ararer. 14 4 A 
Dem. Let Z be the denſer, X the rarer Medizm, and GE 
the incident Ray; this will be refracted from the Perpendicular 


into a Line as EH; then all Things remaining as before, GK, 


or its equal FP, or CM will be the Sine of the Angle of Inci- 
dence, and HI that of Refraction: but theſe Lines, as before, 
are to each other, as DC to DF; that is, the focal Diſtance 


js to the Diſtance of the imaginary Focus, as the Sine of the 


Angle of Incidence to that of the Angle of Refraction. 
Caſe 4. Of converging Rays paſling out of a rarer into a 
denſer Medium. | 


Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray; this will be refracted towards the Perpendi- 


cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI which is equal to RS, the Sine of the An- 
gle of Incidence, and FP that of the Angle of RefraRion : 


but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine of 
the Angle of Incidence is to that of the Angle of Reſractioͤn. 


2. E. D. 


II. When parallel Rays fall upon a ſpherical Surface of diffe- 
rent Denſity, the focal Diſtance will be to the Diſtance of the 


Center of Convexity, as the Sine of the Angle of Incidence is 
to the Difference between that Sine and the Sine of the Angle 


of Refraction. 
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converge more. 


portion. Q. E. D. . 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 


All 


This Propoſition admits of four Caſes. 


Caſe 1. Of parallel Rays paſſing out of a rarer into a den- 


fer Medium through a convex Surface of the denfer. 
Dem, Let AB (Fig. 11.) repreſent a convex Surface, C its 


Center of Convexity ; HA and DB two parallel Rays, paſſing 
out of the rarer Medium X into the denſer Z, the one perpen- 


dicular to the refraQting Surface, the other oblique : draw CB, 


this being a Radius, will be perpendicular to the Surface at the 


Point B; and the oblique Ray DB being in this Caſe refracted 
towards the Perpendicular, will proceed in ſome Line, as BF, 


meeting the other Ray in F, which will therefore be the Focal 


Point : produce CB to N, then will DBN, or its equal BCA 

be the Angle of Incidence, and FBC that of Refraction. Now, 
«whereas any Angle has the fame Sine with its Complement to tao 

right ones, the Angle FCB being the Complement of ACB, which 
is equal to the Angle of Incidence, may here be taken for that 
Angle; and therefore, as the Sides of a Triangle have the ſame 
Relation to each other, that the Sines of their oppoſite Angles have, 

FB being oppoſite to this Angle, and FC being oppoſite to the An- 
gle of Refrudtion, they may here be conſidered as the Sines of 
the Angles of Incidence and of Refraction; and for the ſame 
Reaſon CB may be conſidered as the Sine of the Angle CFB, 
which Angle being together avith the Angle FBC, equal to the 
external one ACB (32. EI. 1.) is itfelf equal to the Difference 
between thoſe two laſt Angles; and therefore the Line FB is 
to CB as the Sine of the Angle of Incidence is to the Sine of 


an Angle which is equal to the Difference between the Angle 


of Incidence and of Refraction. Now, becauſe in very ſmail 


Angles as theſe are, for we ſuppoſe in this Caſe alſo the Diftance 
AB to waniſb, the Reaſon of which will be ſhewn by and by, their 


Sines bear nearly the ſame Proportion to each other that they 
| themſelves do, the Diſtance FB will be to CB as the Sine of the 
Angle of Incidence is to the Difference between that Sine and 


the Sine of the Angle of Refraction; but becau/e BA vaniſbes, 
FB and FA are equal, and therefore FA is to CA in that Pro- 


Obſ. 2. 


'3 
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All which may be illuſtrated in the follow - Cb 

ing Manner. 1. Let AB, CD, (Fig. 5.) be ; EF 

two parallel Rays falling on the plain Surface 
| N EF 


Obf. 2. 1. appears from the foregoing Demonſtration, that the 


focal Diftance of the Oblique Ray DB, ts fuch, that the Line BF 18 Ec 
Fall be to. he Line CB or CA as the Sine of the Angle of Inci- frac 
dence to the Sine of an Angle, which Angle is- equal to the Diffe- ſeq 
rence betaveen the Angle of Incidence and Refraftion ; therefore jo frat 
long as the Angles BCA, &c. are ſmall, ſo long the Line BF is tot 
pretty much of the ſame Length, becauſe ſmall Angles have nearly tha 
the ſame Relation to each other that their Sines haue. But when the 
the Point B is removed far from A, ſo that the Ray DB enters tot 
the Surface, ſuppoſe about O, the Angles BCA, &c. becoming Sin 
large, the Sine of the Angle of Incidence begins to bear a conſids- the 
rably leſs Proportion to the Sine'of an Angle cubich is equal to the are 
Difference between the Angle of Incidence and Refraction than to 
before, and therefore the Line BF begins to bear a much leſs Propor- Sir 
tiow to BC; wherefore its Length deereaſts apace: Upon which © Ine 
Account thoſe Rays which enter the Surface about O, rot only 3 the 
meet nearer the Center of Conveæity than thoſe which enter at A, | © th: 
but are collected into a more diffuſed Space. From hence it is, 3 fac 
that the Point where thoſe only which enter near A, are collect- 7 ä 
ed, ts reckaned the true Focus; and the Diſtance AB in all De- 4 A1 
monſfirations relating ta the Foci of parallel Rays entrizg a ſphe- = 
rical Surface whether convex or concave, is ſuppoſed to va» E A 
niſh. Woe) A. . 12 5 FEE 1 'W. 
Caſe 2. Of parallel Rays paſſing out of a denſer into a rarer X de 
Medium through a concave Surface of the denſer. „ I B 
Dem. Let X be the denſer, Z the rarer Medium. AB the 1 ci 
Surface by which they are ſeparated, C the Center of Convexi- = - : th 
ty, and HA and DB two parallel Rays, as before. Through -"" w 
B the Point where the oblique. Ray DB, enters the rarer Ne- 1 TE 
#43 draw the Perpendicular. CN; and let the Ray DB, being © b 
in this Caſe refracted from the Perpendicular, proceed in the = 4 
Direction BMI; produce BM back to H; this will be the ima- 1 60 
ginary Focus, and DBN, or its equal ACB will be the Angle it 
of Incidence, and CBM, or its equal HBN (for they are verti : fl 
cal) that of Refraction; produce DB to L and draw BF ſuch, = 0 
that the Angle LBF may be equal to DBH : then becauſe NBD I E 
and DBH together are equal to NBH the Angle of Refrac- 2 9 
ion, therefore BCA which is equal to the frſt, and LBF which 1 
ts WM T 
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EF of a Medium of a different Denſity : Now 
becauſe they both make equal Angles of Inci- 
9 with their — Perpendiculars GH, 


IK, 


is equal to the ſecond, are together equal to the Angle of Re- 
fraction; but LBF is equal to BFA (as being alternate to it) con- 
ſequently BFA and BCA together are equal to the Angle of Re- 
fraction; and therefore ſince one of them, viz. BCA is equal 
to the Angle of Incidence, the other is the Difference between 
that Angle, and the Angle of Refraction. Now FB the Sine of 
the Angle FCB, or which is the ſame Thing, of its Complement 
to two right ones BCA, the Angle of Incidence, is to CB the 
Sine of the Angle BFC, as FB to CB, that is as HB to CB; for 
the Angles DBH and LBF being equal, the Lines BF and BH 
are ſo too; but the Diſtance BA vaniſhing, HB is to CB, as HA 


to CA: that! is, the Sine of the Angle of Incidence is to the 
Sine of an Angle which is the Difference between the Angle of 


Incidence and Refraction, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refraction, as the Diſtance of the Focus from the Sur- 
face is to that of the Center from the ſame. Q E. D. 

Caſe 3. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface. 

Dem. Let * be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Ce the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to the Perpendi- 
cular, will alſo ſuffer the ſame Degree of Refraction, and will 


_ therefore paſs on afterwards in the Line FB produced, D. g. to- 
wards P. So that, whereas in that Caſe the Point F was the 


real Focus of the incident Ray DB, the ſame Point will in this 
be the imaginary Focus of the incident Ray LB: But it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine 


of the Angle of n is to the Difference between that and 
the Sine of the Angle of Refraction, therefore the focal Di- 
ſtance of the refracted Ray BP.is to the Diſtance of the Center 


of Convexity in that Proportion, Q. E. D. 


Caſe 4. Of Parallel Rays paſſing out of a denſer i into a rarer 
Medium through a convex Surface of the denſer. 


Dem. Let E be the denſer Medium, having the convex Sur- 


face AB, and let LB and FA be the incident Rays, as before. 
Now 


2 wt 
r- 
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IK, before Refraction, they will make equal 


Angles of Refraction with them afterwards, 


and ſo proceed on in the parallel Lines BL 


DM. 


Now whereas when DB was the incident Ray paſſing out of a den- 
ſer into a rarer Medium, it was refracted into BM, as in Caſe the 
ſecond, having a Point as H in the Line MB produced for its 
imaginary Focus; therefore LB, for the like Reaſon as was gi- 
ven in the laſt Cafe, will in this be refracted into BH, having 
the ſame Point H for its real Focus. 


Sine of the Angle of Incidence is to the Difference between that 
and the Sine of the Angle of Refraftion. Q. E. D. | 


III. When diverging or converging Rays enter into a Medi. 
um of different Denſity through a ſpherical Surface, the Ratio 


compounded of that which the focal Diſtance bears to the Di- 
ſtance of the Radiant Point (or of the imaginary Focus of the 
incident Rays, if they converpe ;) and of that, which the Di- 


ſtance between the ſame radiant Point (or imaginary Focus) and 


the Center, bears to the Diſtance between the Center and the 
Focus, is equal to the Ratio, which the Sine of the Angle of 
Incidence bears to the Sine of the Angle of Refraction. 

This Propoſition admits of ſixteen Caſes. 1 
Caſe 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium, through a convex Surface of the denſer, with ſuch a de- 

gree of Divergency, that they ſhall converge after Refraction. 


Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C its ; 
Center of convexity, and let there be two diverging Rays AB 


and AD, proceeding from the radiant Point A, the one per- 
pendicular to the Surface, the other oblique. 


the Radius CB and produce it to K, and let BF be the refracted 


Ray; then will F be the focal Point; produce AB to H, and 


through the Point F draw the Line FG parallel to CB. AB 


being the incident Ray, and CK perpendicular to the Surface 
at the Point B, the Angle ABK, or which is equal to it, 5e. 


cauſe of the parallel Lines CB apd FG, FGH is the Angle 
of Incidence. Now whereas the Complement of any Angle 


to two right ones has the ſame Sine with the Angle it/elf, 
the Sine of the Angle FGB, that being the Complement of 
FGH 7 tavo right ones, may be conſidered as the Sine 4 


So that here alſo the Fo- 
cal Diſtance will be to that of the Center of Convexity, as the 


Though the 
Center C produce the perpendicular Ray AD to F, and draw 
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DM. 2. Let the diverging Rays AB, AE, 
AF, (Hg. 6.) paſs out of a rarer into a den- 
ſer Medium, through the plain Surface GH, 

and 


the Angle of Incidence; which Sine the Line FB, ac the Sides of a 
Triangle have the ſame Relation to each other, that the Sines 4 
their oppoſite Angles have, may be taken for. Again, the Angle 
FBC is the Angle of Refraction, or its equal, becauſe alternate 
to it, BFG, to which BG being an oppoſite Side, may be looked 
upon as the Sine. But FB is to BG in a Ratio compounded of FB 
to BA, and of BA to BG, for the Ratio that any two Dantities 


ear to each other, is compounded of the Katio, which the firſt 


bears to any other, and of the Ratio which that other bears to the 


ſecond. Now FB is to BA, /uppsing BD to wani/h, as FD to 


DA; and BA is to BG, becau/e of the parallel Lines CB and FG, 


as AC to CF. That is, the Ratio compounded of FD, the focal 


Diſtance, to DA, the Diſtance of the radiant Point, and of AC, 
the Diftance between the radiant Point and the Center, to CF, the 
Diſtance between the Center and the Focus, is equal to that 


which the Sine of the Angle of Incidence bears to the Sine of 


the Angle of Refraction. Q. E. P). e 
Obſ. 3. Whereas the focal Diſtance of the oblique Ray AB is 


ſuch, that the compound Ratio of FB to BA and of AC to CF 


ſhall be the ſame, whatever be the Diſtance between B and D; 
it is evident, that fince AC is always of the ſame Length, the 
more the Line AB lengthens, the more FB muſt lengthen too, or 


| elſe FC muſt ſhorten ; but it appears by Inſpection of the Figure, 


that if BF lengthens, CF wwill do ſo too, and in a greater Pro- 
portion with reſpe to its own Length than BF <will, therefore 
the Lengthening of BF will conduce nothing towards preſerving 


2 the Equality of the Proportion: but as AB lengthens, BF and 


CF muſt both Sorten, which is the only poſſible W ay wherein 
the Proportion may be continued the ſame. And it is alſo appa- 
rent, that the farther B moves from D towards O, the faſter 
AB lengthens, and therefore the farther the Rays enter from 
D, the nearer to the refrafing Surface is the Place where they 


meet, but the Space they are collected in, is the more diffuſed : 


And therefore in this Caſe, as well as thoſe taken Notice of in 
the two foregoing Obſervations, different Rays, though flygwing 
from the ſame Point, ſhall conſtitute different Focus's; and 
none are ſo effectual as thoſe which enter at or very near the 
e TTY Ou + LE Point 
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and let the Ray AB be perpendicular to that 


Surface ; the reſt being refracted towards their we 

reſpective Perpendiculars EK, FM, and thoſe che 
the moſt that fall the fartheſt from B, they wil! 

Point D. And ſence the ſame is obſervable of conuerging as well © Y thei 

as of divirging Rays, none except thoſe which enter very near dive 

_ that Point, are uſually taken into Confideration ; upon which Ac- 3 17 


count it is, that the Diſtance DB, in determining the focal Di- 


ftances of diverging or converging Kays entering @ convex or con- 1 ABI 
cave Surface, is ſuppoſed to vaniſh. | mA © by 
Thoſe who would ſee a Method of determining the preciſe | 8 of th 
Point which the Ray AB, whether it be parallel, converging, frac 
or diverging to the Ray AF, converges to or diverges from after ms 
Refraction at B or any other given Point in the Surface DO, ken 
may find it in the Appendix to Molineux's Optics, which for for 
the S:ke of thoſe who have not that Book, I ſhall ſubjoin at 7 
n 5: I = 155 
Caſe 2. Of converging Rays paſſing out of a rarer into a den- * ON 
ſer Medium through a eoncave Surface of the denſer with ſucha | 8 3 Py 
Degree of Convergency, that they ſhall diverge after Refrac- | _—_ 
Dn 3 25 5 = 
Dem. Let the incident Rays be HB and FD paſſing out ofa | the 


rarer into a denſer Medium through the concave Surface BD, 


and tending towards the Point A, from whence the diverging Cen 
Rays flowed in the other Caſe ; then the oblique Ray HB hav- 18 * 
ing its Angle of Incidence HBC equal to: ABK the Angle of to 2 
Incidence in the former Caſe, will be refracted into the Line for 7 


BL ſuch, that its refracted Angle KBL will be equal to Fc M 
the Angle of Refraction in the former Caſe ; that is, it will pro * 


ceed after Refraction in the Line FB produced, having the ſame ws 
focal Diſtance FD with the diverging Rays AB, AD, in the other ks 
Caſe. But, by what has been 3 demonſtrated, the Ra- * 
tio compounded of FD, the focal Diſtance, to DA, in this Caſe, N ˖ 
the Diſtance of the imaginary Focus of the incident Rays, and of def 
AC, the Diftance between the ſame imaginary Focus and the Cen- on f 


ter, to CF, the Diſtance betaueen the Center and the Focus, is | I : Dif 
equal to that which the Sine of the Angle of Incidence bears x 


to the Sine of the Angle of Refraction. 2, E. D. ue 
Caſe 3. Of diverging Rays paſſing out of a rarer into a den- Med 


ſer Medium through a convex Surface of the denſer, with ſuch 
a Degree of Divergency as to continue diverging, 
| | Dem. 
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roceed in the Directions EN and FO, diverg- 


ing in a leſs Degree from the Ray AP, than 


they did before Refraction. 3. Had they pro- 


ceeded 


Dem. Let AB, AD (Tig. 13.) be the diverging Rays, and let 


their Divergency be ſo great, that the refracted Ray BL ſhall alſo 


diverge from the other ; produce LB back to F which will be the 
focal Point; draw the Radius CB and produce it to K, produce 
BA likewiſe towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whole Sine BF may be taken for, 
as being oppoſite to the Angle BGF, which is the Complement 
of the other to two right ones. And LBC is the Angle of Re- 
fraction, or its equal KBF,or which is equal to this, BFG, as be- 
ing alternate; therefore BG the oppoſite Side to this may be ta- 
ken for the Sine of the Angle of Refraction. But BF is to BG, 
for the like Reaſon as was given in Caſe the firſt, in a Ratio 
compounded of BF to BA, and of BA to BG. Now BF is to 
BA; (DB vaniſhing) as DF to DA, and becauſe of the parallel 
Lines FG and BC, the Triangles CBA and AGF are ſimilar, 


therefore BA is to AG as CA to AF, conſequently BA is to 
BA together with AG, that is, to BG, as CA is to CA together 
with AF, that is, CF. Therefore the Ra/io compounded of DF 


the focal Diſtance to DA the Diſtance of the radiant Point, 
and of CA the Diſtance between the radiant Point and the 
Center, to CF the Diſtance between the Center and the Focus, 

is equal to that which the Sine of the Angle of Incidence bears 


to the Sine of the Angle of Reſraction. 2. E. D. 


Caſe 4. Of converging Rays paſſing out of a rarer into a den- 
ſer Medium through a concave Surface of the denſer in ſuch 
Manner that they ſhall continue converging. 

Dem. Let HB and CD be the incident Rays paſſing out of the 
rarer into the denſer Medium through the concave Surface BD, 
and tending towards A the ſame Point from whence the diverg- 
ing Rays flowed in the laſt Caſe. 'Then becauſe the Ray HB 
has the fame Inclination to the Perpendicular CK that AB had 
before, it will ſuffer the ſame Degree of Refraction, and paſs 
on in the Line LB produced, having its Focus F at the ſame 
Diſtance from the refracting Surface as that of the diverging 


Ray AB in the other Caſe. Therefore, c. 2 E. D. 


Caſe 5. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave * of the denſer. 
b | 2 Dew, 
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ceeded out of a denſer into a rarer Medium, 


they would have been refracted from their Per- 


pendiculars EK, FM, and thoſe themoſt which 


were the moſt oblique, and therefore would 
3 have 
Dem, Let AB, AD (Fig. 14.) be the incident Rays paſſing 


out of a denſer into a rarer Medium _— the concave Sur- 
face BD, whoſe Center is C; and let BL be the refracted Ray, 


which produce back to F, and draw FG parallel to CB. Here 


AB is the Angle of Incidence, to which its alternate one FGB 


being equal, FB the oppoſite Side may be conſidered as the 


Sine of it, The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to right ones, BG the oppoſite 


Side may be looked upon as its Sine, But BF is to BG, in the 


compound Ratio of BF to BA and of BA to BG for the Reaſon 
given above, Now (BD vaniſhing) BF is to BA as DF to DA, 
and BA is to BG as CA to CF. 'That is, the Ratio com- 
pounded of the focal Diſtance to the Diſtance of the radiant 
Point, Te. . F. . „ Ne | 


Cafe 6. Of converging Rays paſſing out of a denſer into a 
rarer Medium through a convex Surface of the denſer. E129 
Dem. Let HB, CD, be the incident Rays tending towards 
the Point A which was the Radiant in the laſt Caſe. Then, 
for the Reaſon already given, the oblique Ray will ſuffer ſuch 


a Degree of Refraction, as to have its Focus F at the ſame Di- 
ſtance from the Surface, as the diverging Rays AB, AD had 
in that Caſe. Therefore, Sc. ©. E. D. | 


When the Mediums through which Rays paſs, and the refract- 


ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are 
collected in F, then Rays flowing from F through the ſame Me- 


diums the contrary Way, will be collected in A. For when Rays 


paſs out of one Medium into another, the Sine of the Angle of 
Incidence bears the ſame Proportion to the Sine of the Angle of 
Refraction, as the Sine of the Angle of RefraQtion does to the 
Sine of the Angle of Incidence, when they paſs the contrary 


_ Way. This is applicable to each of the fix following Caſes 
compared reſpectively with the ſix foregoing ; therefore they 
may be conſidered as the Converſe of them; or they may be 


demonſtrated independently of them, as follows. 
Caſe 7. Of diverging Rays paſſing out of a denſer into 2 


rarer Medium through a convex Surface of the denſer, ſo as to 


converge afterwards. 


Dem. 


„ Kr. 2 . 
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have diverged more than before. 4. Let the 


converging Rays AB, CD, EF (Fig. 7.) paſs 
out of a rarer into a denſer Medium, through 


the 


Dem. Let AB, AD (Fig. 15 ) be two diverging Rays paſſing + 


through the convex Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refracted Ray, Draw CB 
and produce it to K, and draw FG parallel to it meeting AB pro- 


duced in G. Then will ABC be the Angle of Incidence, of 


which FB being oppoſite to its alternate and equal Angle F GB, 


may be conſidered as the Sine. The Angle of Refraction is FBK, 


of which GB being oppoſite to its Complement to two right ones 


GFB, may be taken for the Sine. Now FB is to BG, in a Ra- 
tio compounded of FB to BA, and of BA to BG: But (BD 
vaniſhing) FB is to B.A as FD to DA, and becauſe of the parallel 


Lines CB and FG, BA is to BG as CA to CF. Therefore the 
| focal Diſtance, &c. 2. E. D. 


Caſe 8. Of converging Rays paſſing out of a Jets into a 
rarer Medium through a concave Surface of the denſer ſo as to 
diverge afterwards. 


Dem. Let GB and FD be the incident Rays tending towards ; 


A, and produce FB to L. 'Then as AB in the laſt Caſe was 
8 refeatted into BF, GB will in this be refracted into BL, for 
the Reaſons already given, having F for its focal Point. There. 


fore. Ae... 


Caſe . Of diverging Raps paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer, in ſuch Man- 


ner as to continue diverging. 


Dem. Let AB, AD (Fig. 16.) be two Rays paſſing out of a 


denſer into a rarer * through the convex Surface DB, 


whoſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw 
FG parallel to CB meeting BA produced in G. Then will ABC 


de the Angle of Incidence, of which FB being oppoſite to its 


alternate and equal Angle FGB, may be conſidered as the Sine. 
The refracted Angle is LBK, or its equal CBF, of which BG 
being oppoſite to its Complement to two right ones BFG, is the 
Sine. Now BF is to BG in the compound Ratio of BF to BA 

and of BA to BG: but BF is to BA as DF to DA; and becauſe 
of the parallel Lines CB and FG, the Triangles BCA, AGF 
are ſimilar, therefore BA is to AG as CA to AF, and conſe- 
quently BA is to BG as CA to CF. Therefore, &c, 2. E. D. 


Caſe 
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the plain Surface GH, and let the Ray AB be 


perpendicular to that Surface, then the other 
Rays being refracted towards their reſpec- 
e 1 tive 


Caſe 10. Of converging Rays paſſing out of a denſer into a 


rarer Medium through a concave Surface of the denſer, in ſuch 
Manner as to continue converging. 
Dem. Let HB, MD be the incident Rays tending towards the 


Point A. Then will the oblique Ray HB for the Reaſons al- 


ready given be refracted into BF. Therefore, Sc. 2. E. D. 


Caſe 11. Of diyerging Rays paſſing out of a rarer into a den- 


ſer Medium thyough a concave Surface of the denſer, 
Dem. Let NB. AD (Fig. 17.) be the incident Rays paſſing out 
of a rarer int a denſer Medium, through the concave Surface BD, 
whoſe Center oN Convexity is C, and ſuppoſing the Line CB 


drawn and yroducet to K, the refracted Ray BL drawn and pro- 
duced back to F, by r alſo FG drawn parallel to CB, ABC will 
dence, of which FB being oppoſite to its 


be the Angle\at [ 
Complement to two right ones BGF, is the Sine. The Angle 
of Refraction will be LBK or its equal FBC, of which BG be- 
ing oppoſite to its equal and alternate one BFG, is the Sine. 
Now FB is to BG in the compound Ratios of FB to BA and of 


BA to BG. But (BD vaniſhing) FB is to BA as FD to DA, and 


becauſe of the parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, Wc. Q. E. D. oo 

Caſe 12. Of converging Rays paſſing out of a rarer into a 
denſer Medium through a convex Surface of the denſer. 

Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe ; then, as was explained above, 
BF will be the refracted Ray. Therefore, &c. 2 E. D. 


Caſe 13. Of Rays paſſing out of a rarer into a denſer Medium 


from a Point between the Center of Convexity and the Surface. 
Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of a 


rarer into a denſer Medium from the Point A, which let be po- 
fited between C the Center of Convexity and the refracting Sur- 


face BD; through B draw CK, and let BL be the refracted 


Ray ; produce BL back to F and draw FG parallel to BC. 


Then will ABC be the Angle of Incidence, of which BF being 
oppoſite to its Complement to two right ones BGF, is the Sine. 
LBK will be the Angle of Refraction, or its equal FBC, of 
which BG being oppoſite to its alternate and equal one BFG, 


- 4 2 [9 | 


8 


E 
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tive Perpendiculars DK, FM, and EF for 


Inſtance more than CD, they will proceed 
in the Directions DN, FN converging in a 


leſs Degree towards the Ray AN, than they 


is the Sine. But, as before, BF is to BG in a compound Ra- 
tio of BF to BA and of BA to BG ; and (BD vaniſhing) BF is 
to BA as DF to DA, and becauſe the Lines CB and FG are pa- 
rallel, BA is to BG as CA to CF. Therefore, Wc. ©. E. D. 
Caſe 14. Of Rays paſling out of a rarer into a denſer Medium 
towards a Point between the Center of Convexity and the 
Surface. PN 
Dem. Let the incident Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Caſe. 'Then as 
in that Caſe the refracted Ray BL being 1 back paſſed 
through F, in this the refracted Ray itſelf, for the like Rea- 
ſons as were given in the foregoing Caſes, will paſs through that 


Point. Therefore, &c. 2. E. D. 


Caſe 15. Of Rays paſſing out of a denſer into a rarer Medium 


from a Point between the Center of Convexity and the Surface. 


Dem. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 


out of a denſer into a rarer Medium through the refracting Sur- 


face BD, whoſe Center of Convexity is C, a Point beyond that 
from whence the Rays flow. Through B draw CK, and let BI, 


be the refracted Ray, produce it back to F, and draw FG pa- 


rallel to BC meeting BA produced in G. ABC will be the An- 
gle of Incidence, of which BY being oppoſite to its alternate 


and equal Angle BGF, is the Sine. The Angle of Refraction 


is LBK or its equal FBC, of which BG being oppoſite to its 
Complement to two right ones BFG, is the Sine. But BF is 


to BG in the compound Rai of BF to BA and of BA to BG; 
and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 


the parallel Lines CB and GF, the Triangles AFG and ABC 
zre ſimilar. BA therefore is to AG as CA to AF, conſequently 
BA is to BA and AG together, that is, to BG, as CA is to CA 
and AF together, that is, to CF ; and therefore the focal Di- 
ſtance, c. 2. E. D. ; „ PEE: 

Caſe 16. Of Rays paſſing out of a denſer into a rarer Me- 
dium towards a Point between the Center of Convexity and the 
Surface. 9 


Dem, 
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did before. 5. Laſtly, had the firſt Medium 
been the denſer, they would have been re- 
fracted the other Way, and therefore have 


converged more. 
5 VI. When 


Dem. Let HB, MD be the incident Rays, having for their 
imaginary Focus the Point A which was the Radiant in the laſt 
Caſe, and let C the Center of Convexity of the refracting Surface 
be poſited beyond this Point. Then will HB, for the Reaſons 
already given, be refracted into BF, having the Point F for its 
real Focus which was the imaginary one of the diverging Rays 
AB, AD in the former Caſe, Therefore as before the Ratia 
compounded of that which the focal Diſtance bears to the Di- 
ſtance of the imaginary Focus of the incident Rays, and of that 
which the Diſtance between the ſame imaginary Focus and the 
Center, bears to the Diſtance between the Center and the Fo- 
cus, is equal to the Ratio which the Sine of the Angle of In- 
cidence bears to the Sine of the Angle of Refraction. 9. E. D. 

The firſt Term in the foregoing Proportion (vi. that in Pro- 
poſition the 3d of this Note) being always an unknown Quan- 
tity, thoſe who are not well verſed in the Uſe of ſuch Propo- 
ſitions, may think it impoſſible to inveſtigate the focal Diſtance 
of any refracting Surface by it: I ſhall therefore exemplify it 
in the following Inſtance, by which the Manner of doing it in 
all others will clearly be underſtood, v. g. Let it be required 
to determine the focal Diſtance of diverging Rays paſſing out 
of Air into Glaſs through a convex Surface, and let the Di- 
ſtance of the radiant Point be 20, and the Radius of Convexi- 
ty be 5: Now becauſe we muſt make Uſe of the focal Di- 
ſtance before we know it, let that be expreſſed by ſome Sym- 
bol or Character as x : Then, becauſe by the aforeſaid Propo- 
ſition the Ratio compounded of that which the focal Diſtance 
bears to the Diſtance of the radiant Point (that is in this Suppo- 
ſition, of x to 20j ; and of the Ratio which the Diſtance of the 

ſame radiant Point from the Center bears to the Diſtance between 
the Center and the Focus (in this Caſe, of 25 to x—5) is equal 
to the Ratio which the Sine of the Angle of Incidence bears ta 
the Sine of the Angle of RefraQion (that is, of 17 to 11), we 
ſhall have in the Inſtance before us, the following Proportion,viz. 
0 


8 :: 17 : 11, and compounding them into one, 


25 X25. 


Which 
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VI, When Rays proceed out of a rarer into 

a denſer Medium, through a convex Surface 
of the denſer, if they are parallell before Re- 
fraction, they become converging afterwards, 
5 For 


which is done by mutliplying the two firſt Parts together, we 


7 | Have 28: 20x—100 :: 17 : 11, and multiplying the extream 
Terms and middle Terms together, 340x—1700==275x,whith 


Equation after due Reduction gives x="53*. 
In ſome Caſes which might have been put, the Quantity 65 


| would have been negative, and then the Quotient ariſing from 


1700 divided by that, would have been ſo too ; that is x the 
focal Diſtance would have been Negative, in which Caſe the 
Focus muſt have been taken on the contrary Side the Surface to 


that on which it was ſuppoſed to fall in ſtating the Problem; 


that is, it muſt have been taken on the ſame Side with the ra- 
diant Point, for in calling the Diſtance between the Center and 
the Focus x—5 it was ſuppoſed the Focus would fall on the ſame 


Side with the Center or on that which is oppoſite to the radiant 


Point, becauſe otherwiſe that Diftance muſt have been expreſſed 
by x5, as any one may ſee by Inſpection of the 1 3th or 14th 
Figure, in which the Focus of diverging Rays entring a convex 
Surface, is ſuppoſed to fall on the ſame Side with the radiant 


e | 


In like Manner as this Problem was performed a general 
Theorem may be raiſed to ſolve it in all Caſes whatſoever, by 
uſing Characters inſtead of Figures; as every one who is not 
unacquainted with algebraic Operations very well knows. 

See this done, and applied to the Paſſage of Rays through the 


Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entring a 
ſpherical Surface at any given Diſtance from the Vertex of it, 
converges to or diverges from after Refraction at the ſame. 
From the Appendix to Molineux's Dioptrics. DOT, 

& Prop. To find the Focus of any Parcel of Rays diverging 


= from, or converging to a given Point in the Axis of a ſpherical 


« Lens [Surface] and inclined thereto under the ſame Angle; 
«© the Ratio of the Sines in RefraRtion being known. 

Let GL (Fig. 20.) be the Lens, P any Point in its Surface, 
« V the Pole [Vertex] thereof, C the Center of the Sphere 
« whereof it is a Segment, O = Object or Point in the Axis to 
35 ; 5 „er 


: 
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Propoſitio. 


For in this Caſe, the Perpendiculars at the 


Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 
eee the 


or from which the Rays do proceed, OP a given Ray; and 
let the Ratio of Refraction be as + to 5 ; make CR to CO as 
tor for the Immerſion of a Ray, or as » tos for the Emer- 
ſion, (that is, as the Sines of the Angles in the Medium which 
the Ray enters, to their correſponding Sines in the Medium 
out of which it comes) and laying CR from C towards O, 
the Point R ſhall be the ſame for all the Rays of the Point O. 
Then draw the Radius PC (if Need be) continued, and with 


the Center Rand Diſtance OP {weep a Touch of an Arch in- 


terſecting PC in Q; the Line QR being drawn ſhall be pa- 


rallel to the refracted Ray, and PF being made parallel 
thereto, ſhall interſe& the Axis in the Point F, which is the 


Focus ſought. Or make it as CQ: CP:: CR: CF, and CF 
ſhall be the Diſtance of the Focus from the Center of the 


given Ray, and CZ on the refracted Ray. By the Conſtruction 
PF and QR are parallel, whence the Triangles QRC and PFC 
are ſimilar, and CR to QR, as CF to PF, that is CR to OP as 
CF to PF. Now CF: PF: : CZ: PX ob familia Triang. 


whence CR: OP:: CZ: PX, and CR: CZ :: OP: PX. Again, 1 


CR is to CO as the Sines of Refraction by Conſtruction, that 
is, as f to r, or r tos; and as CR to CZ, ſo (CO-) er 
5 1 5 1 . le | . 
7 CR to 5 or y CZ, and ſo is PO to PX: But as PO to PX, 
ſo CO to CV. Ergo CY = ⁊ or CZ, that is CY to CZ is as 
the Sines of Refraction, but CY is the Sine of the An 
Incidence, and CZ of the refracted Angle. 


« Hitherto we have conſidered only oblique Rays ; it now re- 
mains to add ſomething concerning Rays parallel to the Axis: 


In this Caſe the Point O muſt be confidered as infinitely di- 
ſtant, and conſequently OP, OC, and CR are all infinite "8 
and OP and OC are in this Caſe to be accounted as always 


equal, (fknce they differ but by a Part of the Radius of the 
T ; « Sphere 


Angle of 
Ergo conftat 
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the other Side; and therefore, as the Rays 


are refracted towards thoſe Perpendiculars, 
they are neceſſarily refracted towards each 


other, and thereby made to conyerge. 


VII. If they enter diverging, then for the 
fame Reaſon, they are made to diverge leſs, 


« Sphere GPVL, which is no Part of either of them) where- 
« fore the Ratio of CR to OP will be always the ſame, wiz. 
« as 3 to r for immerging Rays, and as » to for thoſe that 
« emerge. And by this Propoſition CF is to PF in the ſame 


Ratio. It remains therefore to ſhew. on the Baſe CP how to find 


« all the Triangles CPF, wherein CF is to PF in the Ratio given 
t by the Degree of Refraction. This Problem has been very 
« fully conſidered by the celebrated Dr. Vallis in his late 


_ «© Treatiſe of Algebra,p.258, to which I refer; but I muſt here 


ce repeat the Conſtruction thereof. See Fig. 21 and 22. 

Let GPVL be a Lens, VC or PC the Radius of its Sphere, 
& and let it be required to find all the Points /, V, ſuch, as CF 
“ may be to Pf in the given Ratio of 5 tor for immerging Rays, 


s or as r tos for the emerging. Divide CV in K, and continue 
CV to F, that CK may be to VK, and CF to VF in the 


« propoſed Ratio. Then divide KF equally in the Point a, 
« and with that Center ſweep the Circle FKF; this Circle be- 
« ing drawn gives readily all the Foci of the parallel Rays OP, 
«© OP. For having continued CP till it interſe& the Circle in 
F, PF ſhall be always equal to Vf the Diſtance of the Focus 
« of each reſpective Parcel of Rays OP from the Vertex or Pole 


41 of the Lens. 


« To demonſtrate this, draw the pricked Line VF, and by 


«© what is delivered by Dr. Vallis in the above-cited Place, VF 


« and CF will be always in the ſame propoſed Ratio. Again, 
« Vf being made equal to PF, CF and Cf will be likewiſe 


equal, as are CP, VC; and the Angles PCV, VCF being ad 
© derticem are alſo equal: Wherefore PF will be equal to VF, 
„ and conſequently Cf to PF in the ſame Ratio as CF to VF, 
« whence, and by what foregoes, the Points 7, J, are the ſe- 


«« yeral reſpective Foci of the ſeveral Parcels of Rays, OP, 


If any one would ſee how this is to be applied in all other In- 
ſtances, he may conſult the Place. | 
1 E 2 1 
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to be parallel, or te converge, according to | 


the Degree of Divergency they have before 


they enter. 


For if they diverge very much, their being 
bent towards their reſpective Perpendiculars in 
paſſing through the Surface, may only diminiſh 


their Divergency ; whereas, if they diverge in 


a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section the 


VIII. If they converge in ſuch Manner as 


77th of this Chapter. 


to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 
paſs on to the Center without ſuffering any 
Refraction. I kd} AGF WE je 


TX, If they converge leſs than their Perpen- 
diculars, that is, if they tend to a Point be- 


yond the Center of Convexity, they are made 
by RefraQtion to converge more; and if they 


converge more than their Perpendiculars, that 


is, if they tend towards a. Point between the 


Center and the Surface, then by being refrac- 
ted towards them, they are made to converge 


Teſs. 


This and the three foregoing Propoſitions 
may be illuſtrated in the following Manner. 
1. Let AB, CD (Fg. 8.) be two parallel 
Rays entring a denſer Medium through the 
. iD convex 
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' convex Surface DB, whoſe Center of Convexi- 


ty is E; and let one of theſe, viz. AB be per- 
pendicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 
fraction, but the other being oblique to the 
Surface, will be refracted towards the Perpen- 
dicular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 
the other Ray, and meeting it in G, which 


Point for that Reaſon is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 


poſe in the Line AD, it would, by being re- 
fracted towards its Perpendicular ED, have 
parallel, 
or to converge. 3. Let the Line ED be pro- 
duced to F, and if the Ray had converged, fo 


as to have deſcribed the Line FD, it would 


then have been coincident with its Perpendicu- 
lar, and have ſuffered no Refraction at all. 4. 
I it had proceeded from any Point between C 


and F, as from H, or which is the fame 
Thing, towards any Point beyond E in the 


Line BE produced, it would have been made 


to converge more, by being refracted towards 
the Perpendicular DE, which converges more 


than it; and had it proceeded from ſome 
Point, as I, on the other Side F, that is, to- 
wards any Point between B and E, it would 
then have converged more than its Perpendi- 
cular, and fo, being refracted towards it, would 
have been made to have converged leſs. 
5 wy X. When 
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X. When Rays proceed out of a denſer into 
a rarer Medium, through a concave Surface of 
the denſer, the contrary happens in each Caſe. 
For being now refracted from their reſpective 
Perpendiculars, as they were before towards 
them, if they are parallel before Refraction, 
they diverge afterwards ; if they diverge, their 
Divergency is increaſed ; if they converge in 
the Direction of their Perpendiculars, they ſuf- 
fer no Refraction; if they converge leſs than 
their reſpective Perpendiculars, they are made 


to converge {till leſs, to be parallel, or to di- 


verge; if they converge more, their Conver- 
gency is increaſed. All which may clearly be 


ſeen by the Figure, without any farther Illuſ- 


tration, imagining the Rays AD, CD, &c. 
bent the contrary Way in their Refractions to 
what they were in the former Caſes. 
XI. When Rays proceed out of a rarer into 
a denſer Medium, through a concave Surface 
of the denſer, if they are parallel before Re- 
fraction, they are made to diverge. 
For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive 
them to paſs through the Surface, they will 
be ſo many diverging Lines on the other Side, 
and therefore the Rays after they have paſſed 
through the ſame Points, muſt neceſſarily be 
rendered diverging in being refracted — 


them. 
| XII of 


more. 3. But if it had diverged from the Cen- 
TE FOTO 
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XII. If they diverge before Refraction, then 


for the ſame Reaſon, "ey are made to diverge 
more. 


XIII. Unleſs they proceed directly 125 the 
Center, in which Caſe they fall in with their 
Perpendiculars, and ſuffer no Refraction: or 
from ſome Point between the Center of Con- 


vexity and the Surface, for then they diverge 


more than their reſpective Perpendiculars, and 


therefore being by Refraction brought towards 


them, they become leſs diverging. 
XIV. If they converge, then being refracted 


towards their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, 


according to the Degree they 1 in be- 


a Refraction. 


Jo illuſtrate this, and the three foregoi going 
Caſes. 1. Let AB, CD (Fig. 9.) be two pa- 


rallel Rays entring the concave and denſer Me- 
dium X, the Center of whoſe Convexity is 


E, and the Perpendicular to the refracting Sur- 
face at the Point D, is EF; the Ray AB if we 
ſuppoſe it perpendicular to the Surface at B 


will proceed on directly to G; but the oblique 


one CD being refracted towards the Perpen- 


dicular DF, will recede from the other Ray 
A in ſome Line as DH. 2. If the Ray CD 


had. proceeded from A diverging in the Dirce- 


tion AD it would have been bent nearer to the _ 


Perpendicular, and therefore have diverged 


. 
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ter E, it would have fallen in with the Per- 
icular EF, and not have been refracted at 
all: and had it ' proceeded from I, a Point on 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF have 
proceeded in ſome Line nearer it than it other- 
wiſe would have done, and. ys would diverge 
lefs than before Refraction. 4. If it had con- 
verged in the Line LD, it wonkd have been 
rendered leſs converging, parallel, or diverging, 
according to the Degree of Convergency, which 
it had'before 1 it entered 1 into the r e Sur- 
face. | 
XV. If che ume Rays 8 out of a den? 
ſer into a rarer Medium through a convex Sur- 
face of the denſer, the contrary happens in 
eacn Suppoſition: The parallel are made to 
converge ; thoſe which diverge leſs than their 
reſpective Perpendiculars, that is, thoſe which 
proceed from a Point beyond the Center, are 
made leſs diverging, parallel, or converging, 
according to the Degtee in which they diverge 
before Refraction; : thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between 
the Center and the refracting Surface, are 
made to diverge ſtill more. And thoſe which 
converge, are made to oonverge more. All which 
may eaſily be ſeen by confidering the Situation 
of the Rays AD, CD, &r. with Reſpect te 
the Peipendicular EF; and therefore requires 


no farther Illustration. 
XVI. When 


* 
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XVI. When diverging Rays are by Refrac- 
tion made to con verge, the nearer their radiant 
Point is to the refracting Surface, the farther 
is their Focus from it on the other 1 and 
vice verd. | 
For the nearer the Radiant Point! is to the 
refracting Surface, the more the Rays which 


fall upon the ſame Points of it, diverge before 
Refraction, upon which Account they con- I 
verge the leſs afterwards, | 


- XVII. When the radiant Point is at that 
; Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
} would by Refraction be collected, then Rays 
flowing from that Point become parallel on he 
other Side, and are ſaid to have their Focus at 
an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
theRay paſſes one Way or the other. For 
Inſtance, if the parallel Rays AB, CD (Fig, 8.) 
in paſſing through the refracting Surface BD 
are brought to a Focus in G, then Rays flow- 
ing from G as a radiant Point will afterwards 
proceed in the parallel Lines BA and DC. 
And the Point G, where the parallel Rays AB 
and CD meet after Refraction, is called the 
Focus 3 Rays. 
XVIII. When Rays proceed 1 a Point 
nearer the refracting Surface than the Focus of 
parallel Rays, they continue to diverge after 
Refraction, and their Focus is then an imagi- 


. - WY 
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nary one, and ſituated on the ſame Side the 
Surface with the Radiant. 

For in this Caſe, their Divergency being 
greater then that which they would have, if 


they had proceeded from the Focus of parallel 


Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 


verge, and therefore they continue to diverge, 


though in a leſs Degree than before they paſ- 
ſed through the refracting Surface; upon which 
Account, "they proceed after Refrai 

they came from ſome Point farther diſtant from 
the ee than their Radiant. 


CHAP. IV. 


07 1 and the . in which 
Rays are feed i in Pall. ing through | 


them. 


Lens, ts a Medium terminated on one 


ion, as if 


Side by a ſpherical Surface, on the other 
55 a Surface either plain or ſpherical. 
theſe there are five Sorts. The firſt, as A, 


(Fig. 23.) is plain on one Side and convex on . 
the other; the fecond, B, convex on both ; 


Sides; the third, plain on one Side and con- 
cave on both Sides; the fifth, convex on one 
Side and concave on the other, as E, which 
iS by ſome called a Memiſear. © | 
The 


And of 


cave on the 5 as C; the fourth, D, con- i 
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The Axis of a Lens is a Line paſſing per- 
pendicularly through both its Surfaces: Thus, 
the Line FG is an Axis common to all the five. 
| Lenſes are diſtinguiſhed into two general 


Kinds, convex and concave ; the firſt and ſe- 


cond Lenſes are conſidered, as convex ; the 
third and fourth, as concave : the laſt, if its 
Convexity is greater than its Concavity, is 


looked upon, as convex ; if on the contrary, it 
is conſidered as concave. 


A Lens is always ſuppoſed to confiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 


When parallel Rays fall upon the Surface 


of a convex Lens, they are refracted towards 


each other in paſſing through it, and thereby 


collected to a Focus on the other Side. 


To explain this, let us trace the Progreſs of 
a Ray as AB (Fig. 24.) through the convex 
Lens CDEH, whole Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE ; and let the Ray AB 
be parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 


Surface CDE at that Point. The Ray AB in 


entring the denſer Subſtance of the Lens will 
be refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 


Face at B in ſome Direction inclined towards 


the Axis, as BP. Through M the Center of 


Convexity of this Surface and the Point P draw 


1 
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the Line MR, which paffing through the Cen- 
ter will be perpendicular to the Surface at P, 
and the Ray now entring a rarer Medium will 
be refracted from the Perpendicular into ſome 


Direction as PF. In like Manner, and for the 
fame Reaſons, the parallel Ray ST on the 


other Side the Axis, and alſo all the interme- 


diate ones as XZ, Sc. will meet it in the ſame 


Point, unleſs the Rays AB and ST enter the 
Surface of the Lens at too great a Diſtance from 


the Axis IF, the Reaſon of which has already 


been fully explained *. 


The Point F where the parallel Rays AB, 
SF, &c. are ſuppoſed to be collected by paſ- 


ſing through the Lens CE, is called the Focus 
of parallel Rays of that Lens. 
If the Rays converge before they enter the 


Tens, they are then collected at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 


are then collected in a Point beyond F; unleſs 


they proceed from a Point on the other Side at 


the ſame Diſtance with the Focus of parallel 


Rays, in which Caſe they are rendered paral- 


lel. If they proceed from a Point nearer than 


that, they diverge afterwards, but in a leſs De- 


gree than before they enter the Lens. 
If the Lens is plain on one Side and convex 


on the other, the Rays are refracted the Tame 
Way, but in a leſs Degree, 


* See erat 3, in the ſoregoing Note. 


* 
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If the Rays AB, ST, be ſuppoſed to pro- 
ceed from a radiant Point on one Side of the 
Lens, and be refracted into a Focus, as at F, 
on the other; then Rays proceeding from that 
focal Point, F, as from a Radiant, and ſuppoſed 
to paſs through the Lens the contrary Way, 
will be collected in that Point which was the 
Radiant in the other Caſe: and the nearer the 
Radiant Point is to the Lens, the farther is the 
Focus from it on the other Side, and vice versd. 

If the Rays AB, CD, EF, &c. (Fig. 25.) 

be parallel to each other, but oblique to GH the 
„ Axis of the Lens IK, or if the diverging Rays 


8 . CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lem, ey 


will be collected into ſome Point as L, 
directly oppoſite to the Radiant C, but . 


e 
r fo: for the Ray CD which paſſes through M 
the Middle of the Lens and falls upon the Sur- 


face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N; but then it will 
be refracted the contrary Way! in one Place to 
what it is in the other, and theſe Refractions 
. KD will be equal in Degree if the Lens has an equal 
1 | Convexity on each Side, as we may caſily per- 
. | ccive if we imagine ND to be a Ray paſſing 
© out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 

each Surface at both its Extremities. Upon 

which Account the Difference between the 8i- 

tuation of the Point L and one directly . 

Ice 
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fiteto C, is ſo ſmall, that it is generally neg- 
lected ; and the Facus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 
the middle Point of the Lens, were it to ſuffer 
no Refraction, would proceed in. 

All which is ſufficiently clear, from fr ON 
has been ſaid concerning the Laws of Refrac- 
tion explained in the foregoing Chapter. 

When parallel Rays fall upon a concave 
Lens, they are refracted from each other in 


paſſing through it, and thereby made to di- 


verge, proceeding as from an imaginary Focus | 


on the firſt Side of the Lens. 
In order to comprehend this, let ABCD 
(Fig. 26.) repreſent a concave Lens, EO its 


Axis, GH the Radius of the firſt Concavity, IK 


that of the ſecond ; produce HG to L, and let 


MG be a Ray of Light entring the Lens at the 


Point G. This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 


Point as K in the other Surface more diſtant 


from the Axis than G, and being there refract- 
ed from the perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed in the 


Direction KN as from ſome Point, O, on the 5 


firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 


ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 


will be the i imaginary Focus of e 105 of 
this Lens. 


1 
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If the Rays diverge before they enter the 
Lens, their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed- 
ing towards ſome diſtant Point in the Axis as 
E, they are then rendered lefs converging : if 
they converge to a Point at the ſame Diſtance 
from the Lens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a 
leſs Diſtance they remain converging, but in a 
leſs Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the 
nearer alſo is their 1 Imaginary Focus after Re- 


fraction, and vice verſd. 


If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like Refraction 
in each Caſe, but in a leſs Degree. 

The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Lens, 

1s eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter. 

But the Method of determining the exact 
focal Diſtances of Lenſes is to be had from the 


Propoſitions laid down and demonſtrated in the 


Note in the foregoing Chapter. Thus, the 


Progreſs of the Rays after their Reffaction at 4 


the firſt Surface where they enter a Lens, 


had by one of thoſe which determines "Hy 10 


cal Diſtance of Rays entring a denſer Medium 
of ſuch Form: And Weir Progreſs after their 


Re 
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Refraction at the other Surface where they go 
out, is had by computing what Progreſs Rays, 


moving in. the Direction they are found to have 


after their Entrance at the firſt Surface, will 


acquire by being refracted at the other; which 


is to be effected by one which determines the 


focal Diſtance of Rays paſting out of a denſer 


Medium of like Form with that of the Lens *. 
When 


* Or a general Theorem may be made aher the following. 


Manner, to determine the Progreſs of Rays after. Refraction at 
both Sides of the Lens, whatever be the Matter of it, or the 
Form wherein it is made. 

Thus ſuppoſe GH (Fig. 28.) to be a given . and E a point 
in its Axis from whence the diverging Rays EL, Cc. fall upon 


the Lens, AL, the Radius of the firſt Convexity, and CK that of 
the ſecond ; let LKE/ be the Direction of the diverging Ray EL | 


after its Nein at the firſt Surface, and KF its Direction after 


Refraction at both. Then will F be the Focus of the Rays after 
their firſt Refraction, and F the Point they will meet in after both. 


Let BD be the Thickneſsof the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Retraftion be expreſſed by the Ratio of Ito R. Call EB, 4; 

BD, z; AB, Y; CD, 5; 5, x; DF, y: Now, to find f their 
Focus after Refraftion at L where they enter the firſt Surface of 
the Lens, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of x, the focal 
Difance ſought, to d, the Diſtance of the radiant Point; and of 
Ari, the Diſtance between the ſame Point and the Center, to 


* u, the Diſtance between the Center and the Focus, is as I to R? 
: compounding theſe two Ratios therefore (that is multiplying them 


together) we have x ,: dx—dr:i;TiRz which Proportion 


being converted ir to an Equation, and duly reduced, gives æ& 
. Tar 


T#-Ra—kr 
Thus having found the Diſtance B/, and conſequently the Point 
to which the Rays converge from L, we muſt proceed to find F. 
that to which they wall converge aſter Haring paſted through K 
L where 
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When a Ray paſſes through a Medium ter- 
minated by two plain and parallel Sur faces, it 
is 


where they ſuffer a ſecond Refraction: This comes under the 
ſame Propoſition; but, if we would uſe the ſame Letters as be- 
fore, to expreſs the Proportion which the Sine of the Angle of 
Incidence bears to that of the Angle of Refraction, they muſt 
be put one for the other; becauſe, when Rays paſs out of a 
denſer into a rarer Medium, the Sine of the Angle of Inci- 
dence bears the ſame Proportion to the Sine of the Angle 
of Refraction, that the Sine of the Angle of Refraction 
dogs to the Sine of the Angle of Incidence, when they paſs 
out of a rarer into a denſer. This being obſerved, by the 
aforeſaid Propoſition, we ſhall have the Ratio compounded of y, 


the focal Diſtance, to A * the imaginary Focus of the 
FER 4 . 
incident Rays, and 1 —t+s, the Diſtance betaveen 


the imaginary Focus and the Center, to ys, the Diſtance between 
the Center and abe Focus, as Rto I. Which Equation, if we reduce 


e mixed Quantites Ir e e pagina 


＋ into improper Fractions, will ſtand thus: 


; Idr —Idt4-Rat+Ryt 
nn 
85 and | „ 
Idr—Id:4Rdt+Rrtlds—Ra—Rrs wt 
14——Kda- Kr I 125 


And, compounding theſe Ratio's, we have T 
Idry—Idtz4-Raty4>Rriy+ ld —Ray—Rry, Id: y—Tdiz4-Radty 


o+Rrty — DDr : R: I. And, throwing out 
* | | 


the two equal Denominators Il Ra Rr and Ida RA. Rx, 
and multiplying Extreams together and Means together, we have 


IIary—IIdty-EIRaHA- T- IRrty z Td IRA IRH IRAH 
IRaty 2 RRaty + Rkrty + IRdrs—TIRats + pak 7 R 
| IRadr5s—1Rats 


SIVO= IIIa FIR 


which Equation, being reduced, 
＋RRι. , RRrts 


IRI IR- IR IRT RN -= RN 20 
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is refracted one Way in going out of the ſecond, 
as much as it was the otherin entering the firſt; 
and therefore proceedsafterwards not in the ſama 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 27.) 
enters the denſer Medium CDEF terminated by 


the parallel Surfaces CD and EF, it is refracted 


at B towards the Perpendicular BI, proceedin 
to a Point as G, where it is as 3 "efracted 
from the Perpendicular GK in going out, and 
proceeds in the Direction GH. not the ſame, 
but parallel to the former ABL. 


This Theorem may be applied to all Caſes whatever, even to 
plain Surfaces mutatis mutandis ; v. g. the Radius of a concave 


Surface being negative (as lying the contrary Way) with Reſpe& 
to that of a convex, and the Radius of a plain Surface being an 
infinite Line; if we would apply this Theorem to a concave Sur- _ 


face, we muſt change all the Sines of thoſe Members wherein 
the Symbol expreſſing the Radius of that Surface occurs ; and, 
if to a plain Surface, all the Members which involve the Ra- 
dius muſt be conſidered as infinite.Quantities ; that is, all, ex- 
cept them, mult be ſtruck out of the Equation as nothing. So, 
likewiſe if we would have it extend -to other Rays beſides 
diverging ones, the Point where converging Rays would meet 
lying on the contrary Side to that from whence the diverging 
ones were ſuppoſed to flow, its Diſtance muſt be made nega- 
tive; and, the Diſtance where parallel Rays meet being infinite, 
it is only changing the Sines of all thoſe Members in which 4 
is found, if the Rays are ſuppoſed converging, or making thoſe 
Menibers infinite, in Cafe the Rays 4 


portion to them. | 


See the Method of reducing this Equation to fewer Terms, 
where it is alſo illuſtrated with divers Inftances, in Dr. Brown's 
Appendix to Gregory's Optics, or in Dr. Halles Method of 


finding the principal Focus of Optic Glaſſes univerſally, Phi- 
loſoph. Tranſat, No. 205, 1 


uppoſed parallel; | 
which is done by ſtriking out all the reſt, as bearing no Pro- 
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CHAP, v. 
Of the Eye. 


"H E Form of the Eye i is ſuch as is repre- 
ſented in Figure 29, and would be a 
1 Sphere, were not the fore Part AA 
ſome what more protuberant than the reſt. 

The Deſcription of it, ſo far as is neceſſary 


to explain the Nature of Viſion, j is as follows: 


It is incloſed in three diſtinct Coats or Tegu- 
ments; the outermoſt of which, viz. aa, is 
called- Tunica Sclerotica; the next, cc, Cho- 


roides, or Uvea; the third and innermoſt, dd, 
derives its Name from that of its Diſcoverer, 


and is called Tunica Ruyſchiana. 

"Theſe Coats are contiguous to each other 
every where, except on the fore Part of the 
Eye. 

That Portion of the e which lies 
between A and A is more protuberant than 
the reft, is tranſparent, and has the Name of 
Tunica Cornea. | 

That Portion of the Choroides which is ſitua- 
ted between 5 and þ is called the Vis, and is 


that which by its Colour denominates an Eye 
black, grey, Sc. In the Middle of this there 
is a round Hole as pp, called the Pups). 


The Iris conſiſts of two Kinds of muſcular 


Fibres ; the firſt lie extended from its Extre- 
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. Of the Eye. Part III. 
mity like the Rad of a Circle, and point to- 


wards the Middle of the Pupil as towards a 
Center: the other are circular ones and ſur- 


round the Pupil, having the Middle of it for 


their common Center. Theſe are connected 


to the former where they croſs them: and 


therefore when theſe contract, the Pupil! is di- 
miniſhed; when the other, it is inlarged. 
Within the Cavity of the Eye, and not far 
behind the Pupil, there is a ſoft tranſparent 
Subſtance CC, not unlike a double convex 
Lens, one of whoſe Surfaces as S, is more con- 


vex than the other. This is called the Cry/- 


talline Humour, and is ſuſpended within the 


Eye by certain Ligaments, as Ci, C/, called 


Ligamenta Ciliaria, or Proceſſus Ciliares : : 
theſe are convex towards the Pupil, as expreſſ- 
ed in the Figure, and concave on the other 


Side, and are muſcular, and therefore capable 


of Contraction and Dilatation. The convex 
Sides of theſe Ligaments are lined with a very 


black Subſtance, as is alſo that Side of the Iris 
which is next them. 


The Tunica Ruyſchiana leaves the ew. 
des at I, and, paſſing behind the Ligamenta 
Ciliaria and the Cryſtalline Humour, is con- 


tiguous to them, and joins the Choroides again 
at J, on the other Side the Pupil. 

- By means of the forementioned Parts, the 
Cavity of the Eye is divided into two Portions; 


the one of which VV- is filled with a Fluid 


nearly of the ſame Denſity with Water, and 
_” is 
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is therefore called Humor Aqueus; the other 
TT contains a Fluid whoſe Conſiſtency is 


greater than that of the former, and is called 
Humor Vitreus : And both theſe Humours are 


rarer than the Subſtance of the Cryſtalline. 


At the back Part of each Eye, but not di- 


realy oppoſite to the Pupil, there enters a 
Nerve as NN, which is called the Optic 
A 


The Fibres of this Nerve, after their En- 
trance into the Eye at N, ſpread themſelves 
over the innermoſt Coat of } it as far as the Liga- 
menta Ciliaria, and form a very thin Mem- 
brane, called Tunica Retina. 

The innermoſt Coat of the Eye is every 


| where covered (except that Part of it which 


is contiguous to the back Part of the Cryſtal- 
line Humour) with a very black Subſtance, 

not unlike that with which the back Part of 
the Iris and fore Part of the Ligamenta Cili- 


_ aria were obſerved to be covered. This is to 


hinder any Light from being reflected from 


| thoſe Parts to the Retina; for that would 


render the Images of Objects indiſtin& ; as we 


| ſhall ſee when we have explained the Nature 


of Viſion, which is the Subject of the next 


Chapter. 


CHAP. 


56 oQ the Nature of Viſion. Part III. 


8 H A 13 
07 the Nature of Vition. 


\ Uch is the Subſtance od Form of the Hu- 


proper Receptacles, that Rays of Light in paſ- 
ſing through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately: and therefore, to under- 


ſtand the Nature of Viſion, which depends on 


the Paſſage of Rays flowing from the ſeveral 
Points of a diſtant Object through thoſe Hu- 
mours, little more is required than to know 


how the ſame Rays would be affected, were 


they ſuppoſed to paſs through a convex Lens: 
Which may eaſily be done by applying to this 


814 


2 en Lau of that Kind. 
e have already ſeen, in the abovemention- 


ed Chapter, that Rays flowing from a /inghe 


radiant Point, and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 


Point oppoſite, or nearly fo, to the radiant. 


Let us now ſuppoſe an Object placed before 
a Lens, but farther from it than the focal Diſ- 
tance of its parallel n and let it ſend forth 
„ Rays 


mours of the Eye, when lodged in their 
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Chap. ö. Of the Mature of Viſion. 5 
Rays.from each Point of its Surface in every 
Direction, as from ſo many radiant Points. 


Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 


towards the Lens will neceſſarily fall upon it, 


and, paſſing through it, will be collected in ſo 


many diſtinct focal Points on the oppoſite Side, 


as there are diſtinct radiant Points in the Surface 


of the Object from whence they came. Now, 
as the radiant Points are contiguous to each 


other in the Surface of the Object on one Side 


of the Lens, the focal Points will alſo be con- 


tiguous on the other; and as each focal Point 


is oppoſite to its reſpective radiant, their Places 


will have the ſame Relation to each other, that 
{ thoſe of the radiant have; and, conſequently 


theſe Points, taken together, will be a true Re- 


| preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 


that its correſpondent Point in the Object is of: 


But, becauſe each Point in the Repreſentation is 
| oppoſite to its reſpective one in the Object, 

the Image will be inverted. The Truth of 
this may eaſily be experienced, if we hold a 


clean white Paper facing the Lens in the Place 
where the focal Points are, and take Care to 


prevent all other Light from falling upon the 


Paper, except that which paſſes through the 


Lens *, 


T0 


V On this depends the Structure of the Obſcura Camera, 


which is a Conttivance to exhibit the Repreſentation of ſuch 
1 Objects. 
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Io illuſtrate this, let PQR (Fig. zo.) re- 
preſent an Object placed before the Lens AB, 


and ſending forth Rays from each Point in its 
Surface; and let be the focal Diſtance of 


Rays proceeding from Q and paſſing through 
the ſaid Lens. Then will all the Rays that 


proceed from the Point Q, between the Lines 
QA and QB, be collected in ; in like Man- 
ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 


p; and ſo many as proceed from R, and paſs 


through the Lens, will be collected in ; and 
all the Rays that flow from the remaining 
Points between P and R and fall upon the 


Lens, will be collected in as many Points be- 
tween p ander; and, if the Rays are received 
there upon a white Surface, there will be 
exhibited an Image of the Object PR, but 

inverted; becauſe the Rays PLp and RL 


Objects as may be ſeen from a Window upon ſome plain 
white Surface held before the Window within the Room. In 
order to do this, a common Spectacle Glaſs or Burning Glaſs 
(both which are convex Lenſes) muſt be fixed in an Hole in the 
 Windowſhutter ; for then, if no Light be ſuffered to enter into 


the Room, but what paſſes through the Hole, and a Sheet of 
white Paper be held oppoſite to the Hole at that Diſtance where 


the Rays proceeding from the Objects abroad, and paſling 
through the Glaſs, are collected into their reſpective Foci, we 

ſhall have the Images of all the Objects which lie before the 
Hole repreſented upon the Paper, inverted ; but in a much 


more lively and exact Manner that can be done by the Pencil; 


and not only the Objects and their reſpective Situations, but, 
what is peculiar to this Sort of Painting, their Motions will 
alſo be expreſſed. Py 8 
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Chap. 6. Of the Mature of Vifion. 59 
croſs each other at L in paſſing through the 
ZR „„ 

Thoſe Rays which flow from the ſame 
Point of an Object, when conſidered together, 
are called a Cone or Pencil of Rays. Thus the 
Rays QA, QI, &c. conſtitute a Pencil flow- 
ing from the Point Q; fo the Rays PA, PL, 
Sc. a Pencil from the Point P; and the mid- 


dle Ray of each Pencil, as PL, QL, Sc. is 


called the Axis of that Pencil, to which it be- 
longs. = 


Now in like Manner as the ſeveral Pencils 
of Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Lens, are 


collected in ſo many Points at a certain Diſ- 


tance on the other Side of the Lens, and form 


an Image there when received upon a white 


Paper; fo Pencils proceeding from an Object 
placed before the Eye at a proper Diſtance 


from it, and being refracted in paſſing through 
the Humours of it, are collected into their 
reſpective Foci upon the Retina, where they 


form a Repreſentation of that Object; and by 
their Impulſes upon the tender Nerves of the 
Retina, an Idea of the Object is excited in the 


—__ 


A burning Glaſs is no other than a Piece of Glaſs ground 
into the Form of a conves Lens; for if the Rays of the Sun are 
rmitted to paſs through ſuch an one, they will burn very 
Rrbdply in the Place where they are collected into their reſpec- 
tive Foci; upon which Account it is, that the Point where Rays 
in general are collected, is called their Focus, that is, their 
Place of Burning. | 


. The 
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The Progreſs of the Rays through the Hu- 
mours of the Eye, are expreſſed in the 31ſt 
Figure: where FG# is the Eye, FG the Tu- 
nica Cornea, pp the Pupil, AA the aqueous 
Humour, HH the chriſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 
before it, emitting Pencils of Rays from its ſe- 
veral Points R, 8, T, Sc. The Rays which 
conſtitute the Pencil GT F, in entring the aque- 


ous Humour, paſs out of a rarer into a denſer 


Medium through a convex Surface, in which 
Caſe diverging Rays are made to diverge leſs, to 
become parallel or to converge (Chap. 3. Prop. 
7. ); in entring the chriſtalline they dothe like; 
and in paſſing out of that, they proceed out of 


à denſer into a rarer Medium, through a con- 


vex Surface of the denſer, which alſo has the 


fame Effect (Chap. 3. Prop. 15.) By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focus 


at 7, a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 


Pencil GRF, will proceed as deſcribed in the 


Figure, and after Refraction meet in r; and 
the Rays proceeding from S will be colle&ed 
in s, &c. by which Means an Image of the Ob- 


ject will be formed in 77s upon the Retina, but 


| becauſe the Pencils croſs each other in paſſing 
through the Pupil, it will be inverted . 


Of this we have experimental Proof: For if we cut away the 


back Part of an Eye, and apply a Paper there, we ſhall ſee the 
| - ; | Images 


The 


Chap. 6. Of the Mature of Viſion. 61 


The leſs the Diſtance betweenthe Object and 
the Eye is, the more the Rays which come 


from the Object, are ſaid to diverge, and è con- 
tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
but that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 


it can receive when placed farther off. The 


following Illuſtration will make this clear: Let 


AB (Fig. 32.) repreſent an Object emitting 


Rays from each Point of its Surface, and let 


Cd, Cr, &c. expreſs thoſe which flow from 


the Point C: let be a Pupil of an Eye placed 
at the Diſtance Cm from it; *tis plain this Pu- 
pil will receive into it the diverging Rays Cr, 
Cs; whereas the Rays Co, Ct will diverge 


the moſt of any that can enter the ſame Pupil, 


when placed at the Diſtance Cn; but theſe 
diverge leſs than the former, the Angle Cr 
being included in the Angle Cs. . 


Images of external Objects placed thereon, as accurately as in 


the Ob/cura Camera, provided no Light is permitted to fall up- 
on the Paper, except that which paſſes through the Humours 
of the Eye. BE Ow el 5 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axis of the Pencils which enter the 
Eye, croſs each other ; ſome placing it in the Center of the Eye, 


others in the Vertex of the chriſtalline Humour, others in that 


of the Tunica Cornea: But as the Rays of each Pencil fill the 
Pupil, or as the Pupil itſelf is a common Baſe to each Pencil, it 


is inconceivable how the Axis of thoſe Pencils ſhould croſs each 


Other in any other Place than the Center of the Pupil. See 


Figure 31, or any other where ſeveral Pencils are repreſented, | 


as paſling through the Pupil of an Eye. : 
| | 2 Vion 
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Viſion is diſtinguiſhed into bright. and, o0b= 
ſcure; diflin and confuſed. 

It is ſaid to be bright, when a ſufficient Num- 
per of Rays enter the Pupil at the ſame Time; 
obſcure, when too few. It is diſtinct, when 
each Pencil of Rays is collected into a Focus ex- 
actly upon the Retina; confu uſed, when they 
meet before they come at it, or when they 
would paſs it before they meet; for in either 
of theſe laſt Caſes, the Rays flowing from dif- 
ferent Points of the Object will fall upon the 
ſame Part of the Retina, which muſt neceſſa- 
rily render the Image confuſed and indiſtinct. 

Now that Objects may appear with a due 
Brightneſs, whether more or fewer Rays pro- 
ceed from them, we have a Power of contract 
ing, or dilating the Pupil by means of the muſ- 
cular Fibres of the Iris (as explained i in the 
foregoing Chapter), in order to take in more 
or fewer Rays as Occaſion requires. But this 

Power has its Limits“ 
And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſtinct, whether they be 
nearer or farther off, that is, whether the * 
proceeding from them diverge more or leſs, we 
have a Power of contracting or relaxing the 
Ligamenta Ciliaria, and thereby altering the 


'® Tn ſome Animals, this Power is much greater. than in 
others ; particularly in ſuch as are obliged to make Uſe of their 
Eyes by Night, as well as by Day, as in Cats, e. 
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Form of the chriſtalline Humour, and with 
that the focal Diſtance of the Rays. 'Thus, 
when the Object we view is far off, and the 


Rays fall upon the Pupil with a very ſmall De- 


gree of. Divergency, we contract the Ligamen- 
ta Ciliaria, which being concave towards the 
vitreous Humour, do thereby compreſs it more 


than otherwiſe they would do; by this means 
it is made to preſs harder upon the back Side 
of the chriſtalline Humour, which is thereby 


rendered flatter; and ſo the Rays proceed far- 
ther before they meet in a Focus than other- 


wiſe they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unleſs in 


Caſes where the Light is ſo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 


that are more diverging than thoſe which would 
otherwiſe enter. And when the Rays come 


from an Object that is very near, and there- 
fore diverge too much to be collected into their 


reſpective Foci upon the Retina, by relaxing 


the Ligamenta Ciliaria we give the Chriſtal- 


line a more convex Form, by which means the 


Rays are made to ſuffer a proportionably greater 


Degree of Refraction in paſſing through it k. 


* Come Philoſophers are of Opinion, that we do this by a 


Power of altering the Form of the Eye; and others, by remov- 


ing the Chriſtalline forwards or backwards as Occaſion requires; 
but neither of theſe Opinions is probable ; for the Coats of the 

Eye are too hard, eſpecially in ſome Animals, for the firſt ; and 

as to moving the Chriſtalline out of its Place, the Cavities of 


the Eye ſeem to be too well filled with the other Humours to 
admit of ſuch Removal. IN | 


And 
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And beſides this, by contracting the Pupils: of 
our Eyes, we exclude the more diverging 


Rays, and admit only ſuch as are mote eaſily 


refracted into their reſpective Foci *. But 
Viſion is not diſtinct at all Diſlancs, for 
our Power of contracting and relaxing the 


Ligamenta Ciliaria is alſo nenen with- 
in certain Limits. 


The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Retina. 
Becauſe the Pencils flowing from the extreme 
Parts of the Object when near, make a larger 
Angle with each other in the Pupil where they 
croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Fg. g3.) 


the Image of the Object CD, far exceeds EF 


that of the ſame Object GH, placed ata greater 
Diſtance from the Eye, as is evident from In- 
ſpection of the Figure. 

In thoſe Eyes where the Tunica Cornea is 
very protuberant and convex, the Rays of 
Light ſuffer a very conſiderable Refraction at 


their Entrance into the aqueous Humour, and 


are therefore collected to a Focus before thev 


fall upon the Retina, unleſs the Object be pla- 
ced very near, ſo that the Rays which enter 


the Eye, may have a conſiderable Degree of 
Divergency. People that have ſuch Eyes, are 


5 Accordingly i it is obſervable, that if we make a ſmall Hole 


with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtea 


of a Pupil, we ſhall be able to ſee an Object diſtin&tly through 
"i e the Object be placed within half an Inch of the Eye. 
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Chap. 6. Of the Mature of Viſion. 65 
ſaid to be purblind. Now the nearer an Ob- 
ject is placed to the Eye, the greater is the 
Image of it therein, as explained above ; theſe 
People therefore can ſee much ſmaller Objects 
than others, as ſeeing much nearer ones with 
the ſame Diſtinctneſs. And their Sight con- 
tinues good longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grow old, becomes plainer, for Want of 
that Redundancy of Humours with which 
they were filled before. 
On the contrary, old Men having the Cor- 
nea of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, if the Rays diverge too much before 
they enter the Eye, they cannot be brought 
to a Focus before they reach the Retina; on 
which Account thoſe People cannot ſee di- 
ſtinctly, unleſs the Object be fituated at a 
greater Diſtance from the Eye, than is required 
for thoſe whoſe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted in the Eye, it may be thought the 
Objects themſelves ought to appear ſo; but it 
muſt be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upon the Retina; we find by Ex- 
perience, that when ſuch an 1 is excited in 
our Mind, ſuch an Object ſtands before us in 
ſuch a Poſition and of ſuch a Form; whenever 
therefore the like Idea is excited again, We 


COll- 
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conclude there is a like Cauſe of it. For it is 


found by Obſervation, that People who have 


been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies; but have been ob- 


liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond 


to ſuch and ſuch Senſations in the Mind &. 

In like Manner it is from Experience that 
an Object appears ſingle, though there be an 
Image of it in each Eye; for after we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is the ſame, we neceſſarily 


conceive it to be but one. The Manner how 
we come to find this, ſeems to be as follows: 


There is one Part of the Retina upon which 
when the Image falls, the Object appears 
brighter and more diſtin@, than when it falls 
upon any other, as is evident, becauſe we al- 
ways ſee one Part of an Object with greater 


Diſtinctneſs than any of the reſt. This Point 


I 885 hereafter call tbe Point of diſtinct Vi- 

This naturally leads us to turn our Eyes 
fo, that the Object may be ſituated direcliy 
oppoſite to this Point. And this Action of 


ours is that which has given Riſe to thoſe ima- 


ginary Lines, Which are ſuppoſed to pals di- 


See Mr. Cheſelden' $ Obſervations on a young Gentleman 
couched by him at the Age of 13 Years, Philoſoph. Tranſact. 
No. 402. 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 
optic Axes, We therefore turn our Eyes ſo that 
the Object may appear in thoſe Lines. There- 
fore, ſince theſe Lines concur at the Object, when 
we indeavour to view it with Diſtinctneſs, each 
Eye affords us an Idea of the Object in the 
ſame Place, from whence it neceſſarily appears 
but one ., „ 155 


When- 


There are other Methods of accounting for theſe two laſt 
Phænomena, ſome of which, perhaps, the Reader may think 
more plauſible ; for the Connection between the Image on the 
Retina and the Idea in the Mind being purely metaphyfical, we 
can never hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint 
the uppermoſt Part of the Image in the Eye to proceed from the 
lowermoſt Part of the Object, becauſe they ſtrike upon the Re- 
tina, as coming from that Part; and that we conclude from hence 
that the Object is erect, though the Image be inverted ; as if the 
Direction, wherewith the Rays ſtrike the Retina, informed the 
Mind which Way they came. This Solution ſerves alſo to explicate 
the Phænomenon of ſeeing but one Object with both Eyes; for 
as the Mind is informed, by the Direction with which the Rays 
ſtrike the Retina, of the Place from whence they come; there- 
fore when it appears that they enter each Eye as from the ſame 
Place, the Object neceſſarily ſeems to be but one; becauſe we 
can't ſuppoſe two to exiſt in the ſame Place at the ſame Time. 

Some have been ſo abſurd as to embrace an Opinion, the firſt 
Author of which was Gaſſendus, that we ſee one and the ſame 
Point of an Object only with one Eye at a Time, (otiante alto, 
as they expreſs it) while the other does nothing. Vid. Gaſendi 
Epiſtol. de Magnitud. Solis; or Tacquer. Optic. Lib. I. Prop. 2. 

Some imagining that the opzic Nerves confilt of a Bundle of 
ſmall ones wrapped up in one common 'Tegument, are of Opi- 
nion, that ſuch as lie upon the Retina at equal Diſtances from 
the Point of diſtin Viſion, and on the ſame Side of it in each 
Eye, are connected together in one, before they terminate in the 
Brain; and ſo, whether one or both are affected, only one dra 

/ : 6 1 15 
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Whenever the Eyes are fo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Rays 
that flow from it, which is are wont to be af- 


feted when two Objects are placed before 
the Eyes, the Mind, receiving no Information 


from without, but by the Impulſes of the 
Rays upon the Retina, judges that there are 
two Objects. Thus, let A, B (Fig. 34.) repre- 


ſent two Eyes whoſe optic Axes are directed to 


the Point C, and let E be an Object on one 


Side the Point C; and F an Object on the other. 


Now, Objects thus ſituated muſt appear ſepa- 


rate; otherwiſe, every time we viewed an Ob- 
ject we muſt imagine all the different Points 


in its Sur face to be but one, which is con- 


trary to Experience. In this Caſe, the Point 


ds in cach Eye will be affected by the Rays 
which flow from thoſe Objects; but fo it 

will, if a ſingle Object be placed at D; and 
therefore, for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 


ſeparate ones E and F, that is, double. A- 


7. excited in the Mind. Grave and confirms this Opinion, by aſ- 
ſerting that, in all Animals which look at the ſame Obje& with 


both Eyes, the optic Nerves concur, before they enter the Brain 
and that, in ſuch as look at one Object with one Eye, and at 


a different one with the other, they are ſeparate all the Way. 
Others, with Briggius (ſee his Opthalmog. Chap. 11.) do 
not contend, that the forementioned correſponding Parts of the 
optic Nerves are connected before they terminate in the Brain; 


but that they are of an equal Tenſion, and therefore excite the 


{ame Senfation in the Mind, 


gain, 
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gain, let there be an Object placed without the 


optic Axes, as at G, Rays flowing from this will 


affect the ſame Part in each Eye, as if there 


were two diſtinct Objects, viz. one at E, and 
the other at H ; this therefore will alſo ap- 
pear double. Farther, as the Objects D and 


G are ſituated in this Figure, if both are at- 


tended to at the fame Time (the optic Aves 


being (till directed to the ſame Point C) they 


will appear as three, being ſituated oppoſite 
to the three Points F, E, and H. And what has 


been ſaid of the Appearance of the Objects 
D and G, as they are ſituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 
ſented as being beyond the Line HF. So that 
wherever an Object is placed, provided it be 
nearer to the Eyes than the Point where the 
optic Axes concur, or farther from them, it 


appears double. WS 8 
There is one Part of the Retina of each Eye, 

upon which when the Image falls, the Object 

cannot be ſeen at all with that Eye; the Proof 


of this we have from the following Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 


Foot or two from each other, and go back from 


the Wall about three times that Diſtance; then 


ſhutting the left Eye, look at the left Object 


with the right one, and while the right Eye is 
in that Poſition, the right Object will wu be 
1 8 een. 


$8.73 
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ſeen. So, if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 


to be, that the Image of that Object which 
difappears falls upon the Blood-veſſels of the 


optic Nerve, from which no Senſation 1 is con- 
veyed to the Brain. 


The Angle comprehended between the Rays = 


which flow from the extreme Parts of the G 


ject, and croſs in the Pupil, is called the « p 


Angle. 
Tis by means of this Angle that we are able 
to form ſome Judgment of the Magnitude of 


an Object; becauſe, the larger this is, the larger 


is the Image upon the Retina, that is, a greater 


Portion of it is affected by the Rays which flow 


from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
know alſo the Diſtance of the Object. 


This, if the Object be very near, we are 


able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rays 
which flow from the ſame Point of the Object 


enter the Eye; becauſe we find it W to 


adapt the Eye accordingly, in order to bring 
them to a Focus upon the Retina. 

But, when the Object is at a greater Diſtance 
from us, a conſiderable Variation in the Di- 
ſtance of it makes but a very {mall one in the 


Diver- 
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Divergency of thoſe Rays, and therefore this 
Rule of judging ceaſes to be of Uſe. The only 
Expedient then is the Angle comprehended 


between the optic Axes at the Object to which 
| they are directed, or, which is the ſame Thing, 
the Poſition of the Eyes with reſpect to each 


other when they view the Object &. But in 
very large Diſtances this Poſition varies ſo lit- 


tle, that it is alſo of no Uſe; in which Caſe, 
we make the beſt Judgment we can from the 


Brightneſs, Diſtinctneſs, and apparent Magni- 
tude of the Object, and likewiſe from its Situati- 


on with reſpect to others which are interpoſedꝶ. 


When we are unable to judge rightly con- 


cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
As. and vice versd; becauſe it requires a lar- 
ger Object to exhibit the ſame Image upon 
the Retina, when it is ſituated at a great Diſ— 
tance, than when near. Thus we imagine the 


Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 


the Meridian, and accordingly think them 


* That the Poſition of the optic Axes is a Means whereby we 
judge of Diſtances, is evident from hence, vi. that they who 
have loſt the Sight of one Eye, find it much more difficult to 
eſtimate the Diſtances of Objects, than they did, when they 

had the Uſe of both. —- 
+ We have a remarkable Inſtance of the Error of our Judg- 


ment concerning the Diſtances of very remote Bodies, in that 


we look upon the Sun, Moon, and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 
from us than others. | | 


Pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
ſame Image upon the Retina in both Caſes *. 

We are never able to ſee very diſtant Objects 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiving into it a ſufficient Num- 
ber of Rays for that Purpoſe, or becauſe they 
are not collected into Foci upon the Retina, 
but becauſe the Object being very far off, the 
Rays which flow from Points of the Object 
that are contiguous fall too near each other 
upon the Retina to excite diſtin Senſations in 
the Mind, ſo that the Idea of the Whole is 
confuſed, 


CHAP. VII. 


a Of the nn of Objects Ai 
thr ob Media of di di ferent Forms. 


Hat what we ſhall fay upon the Subj ect 

of this Chapter may more readily be un- 
, we ſhall premiſe the five following 
Particulars, which are all compriſed in the 


foregoing Chapter, or follow immediately from 2 


what has been there laid down, vis. 
1. That, as each Point of an Object, when 
viewed by the naked Eye, appears in its Fo- 


* See the Diſſertation on the horizontal Moon . 1 to 
this Part. 
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per Place, and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it enters the Eye, we 
from hence acquire an Habit of judging the 


Point to be ſituated in that Line; and, becauſe 


the Mind is unacquainted with what Refrac- 
tions the Rays ſuffer before they enter the Eye, 
therefore, in Caſes where they are diverted 
from their natural Courſe by paſſing through 

any Medium, it judges the Point to be in that 

Line produced back in which the Axis of æ 
Pencil of Rays flowing from it is ſituated the 


| Inſtant they enter the Eye, and not in that it 
was in before Refraction. We ſhall therefore 


in what follows, ſuppoſe the apparent Place 
of an Object, when ſeen through a refracting 
Medium to be ſomewhere in that Line produc- 
ed back in which the Axis of a Pencil of Rays 


flowing from it proceedsafter they have paſſed 


through the: —— net 

2. That we are able to judge, though im- 
ha of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 
ing from the ſame Point of the Object enter the 
Pupil of the Eye, in Caſes where that Diver- 


gency is conſiderable ; but becauſe in what fol- 


lows, it will be neceſſary to ſuppoſe an Object, 


when ſeen through a Medium whereby its ap- 
parent Diſtance is altered, to appear in ſome 
determinate Situation; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 
intq 


WY 


BA 
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into the Eye is conſiderable, we will ſuppoſe 
the Object to appear where thoſe Lines which 
they deſcribe in entring, if produced back, would 
en each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance ; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni- 


tude of the Object, on which its apparent Diſ- 


tance in ſome Meaſure depends, will alſo ſuffer 


an Alteration by the Refraction of the Rays i in 


paſſing through that Medium. 


3. That we eſtimate the Magnitude of an 


Object by that of the optic Angle. 


4. That, Viſion is the brighter, the greater 
the Number of Rays is which enter the Pupil. 


And, 

F. That, in ſome Caſes, the apparent Bright- 
neſs, Dijuntneſs, and Magnitude of an Ob. 
ject are the only Means whereby our Judgment 
is determined in eſtimating the Diſtance of it. 


Prop. I. An Object placed within a Medium 


terminated by a plain Surface on that Side 
which is next the Eye, if the Medium be den- 
fer than that in which the Eye is (as we ſhall 
5 always ſuppoſe it to be, unleſs where the con- 
trary is expreſſed) appears nearer to the Sur- 
face of the Medium than it is. 

Thus, if A be a Point of an Object placed 
within the Medium BCDE ( Fig. 36), and Ab, 


Ac be two Rays proceeding Sod thence, theſe : 


Rays paſting out of a denſer into a rarer Me- 
dium, will be refracted from their reſpective 
: Fer- 
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Perpendiculars bd, ce, and will enter the Eye 


at H, ſuppoſe in the Directions &, cg, let then 
theſe Lines be produced back till they meet in 


F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 
diverge more than the incident ones Ab, Ac 


(Chap. III. Prop. 3.), it will be nearer to the 
Points þ and c, than the Point A; and as the 
ſame is true of each Point in the Object, the 


Whole will appear to an Eye at H, nearer to 
the Surface BC than it is ®, _ 


Prop. II. 


From hence it is, that when one End of a ſtrait Stick is 


put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; vi. becauſe each 


Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. Os mY 


From hence like wiſe it is, that an Object at the Bottom of a 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpect to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37) 


repreſent a Veſſel, and let E be an Object lying at the Bottom of 
it. This Object, when the Veſſel is empty, will not be ſeen by an 


Eye at F, becauſe HB the upper Part of the Veſſel will obftru& 
the Ray EH; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surface of the 


Water into the Line KF, the Eye at F ſhall ſee the Object by 
Means of that, 5 . 


In like Manner, an Object ſituated in the Horizon appears 


above its true Place, upon Account of the RefraGion of the 
Rays which proceed from it in their Paſſage through the Amo- 
ſphere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the Atmoſpbhere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 


drawn from the Point where they enter, to the Center of the 
Earth which is the Center of the Atmo/pbere, and as they paſs 


on they will be continually refracted the ſame Way, becauſe 
they are all along entering a denſer Part, the Center of whoſe 


Convexity is ſtill the ſame Point; upon which Account the Line 
they deſcribe will be a Curve OY downwards; and there- 
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into the Eye is conſiderable, we will ſuppoſe 


the Object to appear where thoſe Lines which 


they deſcribe in entring, if produced back, would 
croſs each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance; becauſe the 


Brightneſs, Diſtinctneſs, and apparent Magni- 


tude of the Object, on which its apparent Diſ- 
tance in ſome Meaſure depends, will alfo ſuffer 
an Alteration by the Refraction of the Rays in 
paſſing through that Medium. 


3. That we eſtimate the Magnitude of an 


Object by that of the optic Angle. 


4. That, Viſion is the Anus, the oventer 


5 the? Number of Rays is which enter the Pupil. 
And, 


is determined in eſtimating the Diſtance of it. 
Prop. I. An Object placed within a Medium 
terminated by a plain Surface on that Side 
which is next the Eye, if the Medium be den- 
ſer than that in which the Eye is (as we ſhall 
always ſuppoſe it to be, unleſs where the con- 
trary is expreſſed) appears nearer to the Sur- 
face of the Medium than it is. 


Thus, if A be a Point of an Object placed 


within the Medium BCDE (Fig. 36), and Ab, 
Ac be two Rays proceeding 7055 thence, theſe 
Rays paſſing out of a denſer into a rarer Me- 


A will be refracted from their reſpective 
Per- 
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Perpendiculars bd, ce, and will enter the Eye 


at H, ſuppoſe in the Directions , cg, let then 
theſe Lines be produced back till they meet in 


F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 


diverge more than the incident ones Ab, Ac 


(Chap. III. Prop. 3.), it will be nearer to the 


Points & and c, than the Point A; and as the 


ſame is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 

the Surface BC than it is . | 
| Prop, II. 


From hence it is, that when one End of a ſtrait Stick is 


put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; ws. becauſe each 


Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. N = . 
From hence likewiſe it is, that an Object at the Bottom of a 


Veſſel may be ſeen when the Veſſel is filled with Water, though 
it beſo placed with Reſpe& to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37.) 
_ repreſent a Veſſel, and let E be an Object lying at the Bottom of 


it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 


the Ray EH; but when it is filled with Water to the Height 


_ GH, the Ray EK being refracted at the Surface of the 
Water into the Line KF, the Eye at F ſhall ſee the Object by 
Means of that. | | | | 7 
In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the Atmo- 
ſphere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the 4tmo/phere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 


drawn from the Point where they enter, to the Center of the 


Earth which is the Center of the Atmoſphere, and as they paſs 
on they will be continually refracted the ſame Way, becauſe 


they are all along entering a denſer Part, the Center of whoſe 
Convexity is ſtill the ſame Point; upon which Account the Line 


they deſcribe will be a Curve bending downwards ; and there- 
| 5 fore 
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Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 
pears nearer, brighter, and larger, than with 
the naked Eye. N ib - 
For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 
of an Eye, which is here drawn large to pre- 
ventConfuſion in the Figure. And 1ſt let RK, 


RL be two Rays proceeding from the Point R, 
and entering the denſer Medium at K and L; 


theſe Rays will here by Refraction be made to 


diverge leſs (Chap. III. Prop. 2.) and to pro- 


fore none of the Rays that come from that Obje& can enter an 


| Eye upon the Surface of the Earth, except what enter the 4:- 


moſphere higher than they need to do, if they could come in a 
right Line from the Object; conſequently the Object muſt ap- 
pear above its proper Place. Secondly, if the Object be placed 
within the Atmoſphere, the Caſe is ſtill the ſame; for the Rays 


which flow from it muſt continually enter a denſer Medium whoſe 
Center is below the Eye, and therefore being refracted towards 


the Center, that is, downwards as before, thoſe which enter the 
Eye muſt neceſſarily proceed as from ſome Point above the Ob- 


ject, wherefore the Object will appear above its proper Place. 


From hence it is, that the Sun, Moon, and Stars appear a- 
bove the Horizon, when they are juſt below it, and higher than 
they ought to do, when they are above it: Likewiſe diſtant 
Hills, J rees, &c. ſeem to be higher than they are. 


Farther, the lower theſe Objects are in the Horizon, the greater 


is the Obliquity with which the Rays which flow from them, 
enter the Atmo/phere, or paſs from the rarer into the denſer 


Paris of it, and therefore they appear to be the more elevated 


by RefraCtion 3 upon which Account the lower Parts of them 
are apparently more elevated than the other. This makes their 
upper and under Parts ſeem nearer together than they ought to 
do, as is evident in the Sun and Moon, which appear of an oval 
Form when they are in the Horizon, their horzzonta/ Diameters 
appearing of the ſame Length they would do if the Rays fuf- 


tered no Refraction, while their vertical ones are ſhortened 


hereby. 


ceed 
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ceed afterwards, ſuppoſe in the Lines Ka, L&; 
at a and b where they paſs out of the denſer 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, bd, 
parallel to their firſt Directions (ſee Chap. 
IV.); produce theſe Lines back till they 
meet in e, this will be the apparent Place of 


the Point R, and it is evident from the Figure 
that it muſt be nearer the Eye than that Point ; 


and becauſe the ſame 1s true of all other Pen- 
cils lowing from the Object AB, the Whole 
will be ſeen in the Situation g, nearer to the 


Eye than the Line AB. 2d, As the Rays RK, 
RL would not have entered the Eye, but have 
paſſed by it in the Directions Kr, Lt, had they 

not been refracted in paſſing through the Me- 


dium, the Object appears brighter. zd, The 


Rays Ah, Bi, will be refracted at h and i in- 
to the leſs converging Lines M, il, and at the 


other Surface into M, IM parallel to Ah 


and Bi produced (ſee Chap. 4. ), ſo that the 


Extremities of the Object will appear in the 


Lines Mx, M“ produced, vigz. in F and g, and 


under as large an Angle Mg, as the Angle A 


9B under which an Eye at 9 would have ſeen 
it, had there been no Medium interpoſed to 
refract the Rays; and therefore it appears larger 
to the Eye at GH, being ſeen through the 
interpoſed Medium, than otherwiſe it would 


have done. But it is here to be obſerved, that 


the nearer the Point e appears to the Eye on 


* . 
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Account of the Refraction of the Rays RK, 


RL, the ſhorter is the Image 7g, becauſe it is 
terminated by the Lines M7 and Mg, upon 
which Account the Object is made to appear 


leſs; and therefore the apparent Magnitude of 


an Object! is not much augmented by being 
ſeen through a Medium of this Form. 

Farther, it is apparent from the Figure, that 
the Effect of a Medium of this Form depends 


wholly upon its Thickneſs; for the Diſtance 


between the Lines Ry and ec, and conſequent- 


ly the Diſtance between the Points e and R de- 


pends upon the Length of the Line Ka: Again, 
the Diſtance between the Lines AM and M, 


depends on theLength of the Line ; but both 


Ka and h depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thickneſs. 


Prop. III. An Object ſeen through a convex 


Lens, appears larger, brighter, and more di- 
fant, than with the naked Eye. 


To illuſtrate this, let AB (Fig. 39.) be the 


Object, CD the Lens, and EF the Eye. 1. 


From A and B the Extremities of the Object 


draw the right Lines AYr, BXr croſſing each 
other in the Pupil of the Eye; the Angle ArB 
comprehended between theſe Lines, is the 

Angle under which the Object would be ſeen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, A Property 
it is to render converging Rays more ſo (ſee 


Chap. IV.) the Rays AY and BX will be made 


to 
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to croſs each other before they reach the Pupil. 
There the Eye at E, will not perceive the 
Extremities of the Object by means of theſe 


Rays (for they will paſs it without entering), 
but by ſome others which muſt fall without the 


Points Y and X, or between them; but if they 
fall between them, they will be made to con- 
cur ſooner than they themſelves would have 
done, and therefore if the Extremities of the 
Object could not be ſeen by them, it will much 


leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 


upon the Lens without the Points Y and X; 


let then the Rays AO and BP be ſuch. Theſe 
after Refraction entering the Eye at, the Ex- 
tremities of the Object will be ſeen in the Lines 


rQ, rT produced, and under the optic Angle 
QrT which Is larger than ArB, and 8 
the apparent Magnitude of the Object will be 


increaſed. 2. Let GH be a Pencil of Rays 
flowing from the Point G; as it is the Property 


of this Lens to render diverging Rays leſs di- 
verging, paralle] or converging (fee Chap. 
IV.) it is evident, that ſome of thoſe Rays 
which would proceed on to M and N and miſs 


the Eye, were they to ſuffer no Refraction in 


| agar through the Lens, will now enter it; 


which means the Object will appear bright- | 


er. 3. As to the apparent Diſtance of the Ob- 
ject, that will vary according to the Situation 


of 
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of it with reſpect to the Focus of parallel Rays 


of the Lens. 1. Then, let us ſuppoſe the Ob- 


ject placed ſo much nearer the Lens than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging 
by paſſing through it, may yet have a conſide- 
rable Degree of Divergency, ſo that we may 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, - becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Brightneſs and 


Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point wherethoſe 
Lines meet, but ſomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 


will the Rays KE and LF become parallel 
( ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Di- 


ſtance, if that Diſtance were to be judged of 5 


the Direction of the Rays KE and LF, yet 
upon Account of the Brighinek and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by. the naked Eye. 


If the Object be ſituated beyond the Focus of 


parallel Rays, as in AB (Fig. 40.) the Rays 
flowing from thence and falling upon the Lens 
CD, 
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CD, will be collected into their reſpective Foci 
at a and b, and the intermediate Points m, n, 


&c. and will there form an Image of the Ob- 


jet AB; and after croſſing each other in the 


ſeveral Points of it, as expreſſed in the Figure, 
will paſs on diverging as from a real Object. 
Now if an Eye be ſituated at c, where Ac, 
Bc, Rays proceeding from the extreme Points 


of the Object, make not a much larger Angle 


Ac, than they would do if there were no Lens 
interpoſed ; and the Rays belonging to the 


ſame Pencil do not converge ſo much as thoſe 


the Eye would receive, if it were placed nearer 
to 2 or b, the Object upon theſe Accounts 


appearing very little larger or brighter than 


with the naked Eye, is ſeen nearly in its pro- 
per Place ; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 


brighter and larger, ſeems to approach the 


Lens *: which is an evident Proof of what has 


„That the Object ſhould ſeem to approach the Lens in this 


Caſe, was a Difficulty that exceedingly puzzled the learned 


Barroav, and which he pronounces inſuperable, and not to be ac- 


counted for by any Theory we have of Viſion. Molineuæ alſo 
leaves it to the Solution of others, as that which will be inex- 


plicable, till a more intimate Knowledge of the vitive Faculty, 


as he expreſſes it, be obtained by Mortals, | 
They imagined, that ſeeing an Object appears farther of, 
the 4% the Rays diverge which fall upon the Eye; if they 


ſhould proceed parallel to each other, it ought to appear exceed- 


ingly remote, and if they ſhould converge, it ſhould then appear 
more diflant ſtill: The Reaſon of this was, becauſe they look- 
ed upon the apparent Place of an Object, as owing only to the 


Direction of the Rays whatever it was, and vod at ail to its ap- 


parent Magnitude or Splendour. 
N 1 been 


i 
1 
[ 
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been ſo often aſſerted, viz. that we judge of 


the Diſtance of an Object in ſome Meaſure by 


its Brightneſs and Magnitude * , for the Rays 


converge the more the farther the Eye recedes 
from the Lens; and therefore if we judged f 


the Diſtance of the Object by the Direction of 


the Rays which flow from it, we ought in this 
Caſe to conceive it at a greater Diſtance, than 


when the Rays were parallel, or diverged at 


their Entrance into the Eye. 
Prop. IV. If an Object be placed farther 


from a convex Lens, than its Focus of parallel 


Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 


Rays of the ſeveral Pencils are collected into 
hes: reſpective Foci, the Object appears in- 
verted, and pendulous in the Ar, between the 

Eye and the Lens. 


To explain this, let AB (Fig. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil ACD be collected in a, and 


thoſe of BCD in 6, forming there an inverted 


Image of the Object AB, and let the Eye be 


placed in F: It is apparent from the Figure, 


that ſome of the refracted Rays which paſs 
through each Point of the Image, will enter 


«$M Perhaps it may proceed from our judging of the Diſtance 
of an Objet in ſome Meaſure by its Magnitude, that that 
Deception of Sight commonly obſerved by Travellers may 


ariſe ; viz, that upon the firſt appearing of a Building larger 
than uſual, as a Cathedral Church, or the like, it generally 
ſeems nearer to them, than they afterwards find it to be. 


the 
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the Eye as from a real Object in that Place, 


and therefore the Object AB will appear chere, 


as the Propoſition aſſerts. But we are ſo little 


accuſtomed to ſee Objects i in this Manner, that 


it is very difficult to perceive the Image with 


one Eye; but if both Eyes are ſituated in ſuch 


2 Manner, that Rays flowing from each Point 
of the Image may enter both, as at G and H, 


and we direct our optic Axes to the Image, tis 


eaſy to be perceived. 


If the Eye be ſituated in à or b, or very near 


them on e Side, the Object appears exceed- 
ingly confuſed, viz. if at d, the Rays which 
proceed from che ſame Point of the Object con- 
verge ſo very much, and if at e, they diverge 

ſo much, that they cannot be collected together 


upon the Retina; but fall upon it as if they 


were the Axes of ſo many diſtin&Pencils com- 
ing through every Point of the Lens; where- 
fore little more than one ſingle Point of the 
Object 1s ſeen at a Time, and that appears all 


over the Lens; from whence nothing but 
Confuſion ariſes. 


If the. Lens be ſo large that both Eyes may 


be applied to it, as in h and &, the Obſect will 


appear double; for tis evident from the Figure, 
that the Rays which enter the Eye at Y from 


either Extremity of the Object A or B, do not 


proceed as from the ſame Point with that from 


 Whence thoſe which enter the other at # ſeem 
to flow; the Mind therefore is here deceived, 
* and 
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and looks upon the Object as ſituated in two 


different Places, and therefore Judges it to be 


double. 

Prop. V. An Objea ſeen through a Concave 
Lens appears nearer, ſmaller, and leſs 511 ght, 
than with the naked Eye. 

Thus, let AB (Eg. 41.) be the Ob <Q, CD 
the Pupil of an Eye, 19 EF the 550 Now, 
as it is the Property of a Lens of this Form, 


to render diverging Rays more ſo, and converg- 


ing ones leſs ſo, the diverging Rays GH, GT, 
proceeding from the Point G, will be made to 
_ diverge more, and fo to enter the Eye as from 
ſome 1 nearer Point g; and the Rays AH, BI, 
which converge, will be made to converge leſs, 


and to enter the Eye as from the Points à and 


5; wherefore the Object will appear in the Si- 
tuation agb, leſs and nearer than without the 


Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 


them will be made to paſs by the Pupil of the 
Eye, which otherwiſe would have entered it, 


and therefore each Point of the Object will ap 


pear 46% roger *, 
Prop. VI. 


„From what has been obſerved about the Properties of c con- 


vex and concave Lenſes, we may fee the Reaſon why the for- 


mer Sort are made Uſe of by old People to help their Sight; 


and the latter by thoſe who are purblind. Old People, as was 
obſerved before, having the Tunica Cornea of their Eyes too 
flat, require that the Object be placed at a greater Bilance 
from them, than other People whoſe Eyes are of a juſt Form, 
that the Rays which enter the Pupils of their Eyes the 
ame 
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Prop. VI. An Object ſeen through a polygo- 
nous Glaſs, that is, ſuch as is terminated b 
ſeveral plain Surfaces, is multiplied thereby. 
For Inſtance, let A (Fig. 42.) be an Ob- 
ject, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, &c. and let the 
Situation of the Eye F be ſuch, that the Rays 
AB being refracted in paſſing through the Glaſs, 


may enter it in the Direction BF, and the Rays 


AC in the Direction CF. Then will the Eye 
by means of the former, - ſee the Object in G, 


and by the latter in H; and by means of the 


Rays AI, the Object will appear alſo in its 
proper-Jituation A; . 


| Thus much for the Principles of Dieptrics 


and the Solution of ſome obvious Phenomena 
which tend to confirm the ſame : Thoſe which 
yet remain to be accounted for, ſhall, accord- 
ing to the Method we have hitherto obſerved, 
be treated of in the Diſſertations of this Part. 


ſame Point of the Object, may not diverge too much. Now | 
a convex Lens makes thoſe Rays diverge leſs, as they would 
naturally do if the Object was placed farther off. Again, 
thoſe who are purblind, having the Tunica Cornea too protu- 
berant, require ſuch a Lens as may render thoſe Rays more di- 
verging, leſt they ſhould be collected into their reſpective Foci 


before they fall upon the Retina; and therefore Lenſes of the 


concave Sort are of Uſe to them. 
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DISSERTATION L 
* the Horizontal Moon. 


H E PR of the in 
M eon is this: When the Moon is 
. = juſt above the Surface of the Earth, 


either immediately after ſhe is riſen, or juſt 


before ſhe ſets, ſhe appears four or five Times 
greater in Diameter, than when ſhe is in 
her Meridian Altitude: And yet her appa- 
rent Diameter, if taken by an Inſtrument, is 


found to > ſubtend the ſame Angle in either Si- f 


tuation 
The Moon” 8 apparent Diameter bein g found 


to ſubtend the: fame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 


Image of her projected upon the Retina of an 
Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a dif- 


ferent W in one Situation from what 


=y What i is ſaid kere of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her berizindal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
Refraction las explained Chap. VII. Note the firſt) and, 
therefore, if it be taken by an Inſtrument, it will not be found 
to ſubtend the ſame Angle in the Horizon as in the Meridian: 

But notwithſtanding this, it appears longer to the naked Eye 
when in the former, than in the latter Situation, as well as 


ſhe 


* 
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ſhe does in the other, has always been Matter 
of great Speculation among the Connoiſſeurs 
both in Optics and Aftronomy, Des Cartes 
was of Opinion, that we think the Moon 
larger when ſhe is in the Horizon, than when 
ſhe is in the Meridian, becauſe in the former 
Caſe by comparing her Diſtance with that of 
interpoſed Objects, we imagine it greater than 
When ſhe is elevated : And that as we judge 
her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter. 
Gaſſendus was of Opinion, that becauſe the 
Moon appears leſs bright when in the Horizon 
than in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we do 
in the latter ; and from thence he concludes, 


- * that the Image of her upon the Retina mult be 


larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foci upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which croſſing each other in the Cen- 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 


of the Retina, whether the A be broad or 
narrow. 


| Molineux | in the Philoſophical Tranſactions x 


No. 187. tells us of a certain French Abbe, 
that revived the forementioned Suppoſition of 


Gaſſendus, and adding two others of his own, 
_ endeavoured to account for this Phenomenon. 


His Suppoſitions were theſe, vig.“ Thatthis 


contracting and enlarging the Pupil (ſup- 


< poſed by Gaſfendus) cauſeth a different 
« Shape in the Eye; an open Pupil making 


the Cryſtalline flatter, and the Eye longer, 
and the narrower Pupil ſhortening the Eye, 
and making the Cryſtalline Humour more 
* convex. The firſt attends our looking at 


Objects that are remote, or which we think 


_ * fo, the latter accompanies the viewing Ob- 


«+: jects nigh at Hand. Likewiſe an open Pu- 
<« pil and flat Cryſtalline attends Objects of 


* a more ſedate Light, whilſt Objects of more 


« forcible Rays require a greater Convexity, 


and narrower Pupil. From theſe Poſitions, 
continues Molineux, the Abbe endeavoured 


* to give an Account of our Phenomenon, as 
follows. When the Moon is nigh the Ho- 


La 


* rizon, by Compariſon with interpoſed Ob- 
« jects, we are apt to imagine her much far 
« ther from us than when more elevated, and 
*© therefore we order our Eyes as for viewing 

cc © an 
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cc 


* 


* 


the Cryſtalline flatter; moreover the Duſ- 
kiſhneſs of the Moon in that Poſture does 


c 


* 


* not ſo much ſtrain the Sight; and conſe- 


* 


quently the Pupil will be more large, and 
ce the Cryſtalline more flat; hence a larger 
Image ſhall be projected on the Fund of the 
e Eye, and, therefore, the Moon ſhall appear 
* larger, Theſe two forementioned Accidents, 


« vi2. the Moon's imaginary Diſtance and 
Duſkiſhneſs gradually vaniſhing as ſhe riſes, 
a different Species is hereby introduced in 
* the Eye, and conſequently ſhe-ſeems gradu- 


A 


c 


* 


o 


ev 


ally leſs and leſs, till again ſhe approaches 
nigh the Horizon.” _ 

As to what is taken for granted i in this So- 
lution concerning a Change in the Cryſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a due or faint Light, that ſeems 
to be very itl grounded. We know of no ſuch 
Connection between the Muſcles of the Iris 
and thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 


Coats of the Eye are not ſo pliable, as eaſily 
to admit of an Alteration in their Form *. 


Could the Author have made good his other 
Suppoſition, viz. That by Compariſon with 


* See what has ED obſerved concerning the Power we have 
of making an Alteration in the Bye, in order to fee difiinly, 

| (Chap: VI. pag. 62.) f 
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an Object farther from us; that is, we ſome- 
ce thing e the Pupil, and thereby make 
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inter poſed Objects we are apt to imagine ber 


much farther from us, than when more ele- 
wated, he need not have had Recourſe to any 
other ; this alone would have been ſufficient ; 


but hic Labor t. This alone, I ſay, would 


have been ſufficient; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſne ſub- 
tends an equal Angle in both Caſes, we muſt 


in Conſequence thereof (agreeably to Des 


Cartes's Notion above-mentioned) imagine 


her to be bigger in the former Situation than 
in the latter; becauſe a diſtant Object cannot 


ſubtend the ſame Angle at the Eye that one 
which is nearer does, unleſs it be proportion- 
ably larger befor 05.56... 


The famous Hobbs endeavoured at a Solu- 


tion of this Phenomenon, but it is hard ly 


worth mentioning : The Figure he has drawn 


to explain his Solution by, ſeems to have 


been the Occaſion of his Error. He draws a 


Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 


dies ſeem to be fixed, and concentric to this, 


a lefler, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; ſo that a 
_ Spectator upon the Surface of this Earth, is 


conſiderably nearer to the upper Part of the 


* See Chap. VI. pag. 77. 
other 
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other Circle than to the Sides of it : Where- 
fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 
er Portion of that Ark when, it is in the Hori- 
zon, than when it is in the Meridian; becauſe 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
| pear bigger in that Situation than in the Me- 

ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned 
them to repreſent, he would eaſily have ſeen 
his Miſtake. 

A few Years ago Mr. De Veil publiſhed 3 3 
Treatiſe upon the Subject of the horizontal 
Moon, which he dedicates to the Ladies of 
Northampton. If I remember right, his Solu- 
tion of it was in the following Manner : 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (ſituated on the other Side the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſing thro' the Atmo- 
ſpbere of the Earth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore, 
the Moon ought to appear larger when in | the 
former than 1 in the latter Situation. 
M | The 
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The Propoſitions in this Solution are all true, 
but the Second is not applicable in the preſent 
Caſe; for unleſs we conſider the Refraction that 
Rays of Light which flow from the Moon, and 
— through the Atmoſphere of the Earth, 

ſuffer in their Emerſion, that is, while they 
paſs through the latter half of it, as well as 


that which they ſuffer in their Immerſion, or 


while they paſs through the former half, we 

ſhall find that they will not be collected into 
their reſpective Foc; on the other Side the 
Earth, as this Gentleman imagines: Which if 
it can beſhewn, his Solution falls to the Ground 
of Courſe ; for the Refraction which the Rays 


ſuffer in their Emerſion is not to be taken into 


Conſideration, becauſe they reach the Eye of 
a Spectator upon the Earth as ſoon as they 
have paſſed through the firſt half of the At- 
moſphere, when the Moon is in his Horizon; 
and before they have paſſed through that balf, 
when ſhe is in his Meridian, 

Let us then imagine two Rays flowing * 
one and the ſame Point of the Surface of the 


Moon, it being neceſſary in order to conſtitute 


a Focus that ſuch Rays ſhould after Refraction 
meet in a Point; the Meeting of ſuch as flow 
from different Points in the ſame Surface is not 
ſufficient; if it were, we might then have Foci 


where we pleaſed, and that as well without 


refracting or reflecting Surfaces as with them. 

And let the firſt of thoſe to Rays fall perpendi- 

cularly upon the LT aaa of the Earth,and 
be 
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be ſuppoſed to paſs through the Center of it; 


aand let the other after RefraQion paſs by the 
| Surface of the Earth. Now, the Moon's Pa- 
rallax, that is, the Angle under which the Se- 


midiameter of theEarth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 

Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 


Sir 1ſaac Newton's Table of RefraQtions pub- 


liſhed by Dr. Halley inthe Philoſophical Tranſ- 
actions, No. 368, that, when any of the heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty-three Minutes and forty-five Seconds; 


and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 


Earth will be refracted only by ſuch an An- 


gle; which falling conſiderably ſhort of one 


Degree, the Angle by which it diverged from 
the perpendicular one before Refraction; it will 
be ſo far from being made to converge towards 
it thereby, that it will ſtill be in a State of 
Divergency from it. And therefore Rays flow- 
ing from the Moon and refracted only in their 
Immerſion into the Atmoſphere of the Earth, 


will not be collected into their reſpective Foci 


on the other Side: Which was to be ſhewn. 
Dr. Wallis in the Philoſophical Tranſactions, 


No. 187, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Des 


Cartes had given before) which is as follows : 


. IR Sx; EE EEE OI * 
N 2 = r 


\ 
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He aſcribes this Phænomenon to the Deception 
- the Imagination, and accounts for that De- 
ption in the following Manner, He obſerves: 
Firſt, that the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſeen under the ſame or equal Angles, and if, 
upon any Account whatever,we apprehend one 
of theſe to be farther from us than the other, 
that which we apprehend to be -farther from 


us, will to the Imagination appear greater. 


Secondly, That one great Advantage for eſti- 
mating the apparent Diſtance of any Thing, 
is from the Variety of intermediate Objects 
between the Eye and the Thing ſeen; for 
then the Imagination muſt allow Reden for all 
thoſe Things. , 
«© Now, ſays he, when the Sun * of Moon 
<« js near the Horizon, the Proſpect we have of 
« Hills and Vallies, Plains and Woods, Ce. 
<« repreſent to our Imagination a great Di- 
6 ſtance, capable of receiving all theſe: Or, if 
ce it happens that theſe interpoſed Objects are 
« not actually ſeen, yet, having been accu- 
ce ſtomed to ſee them, the Memory ſuggeſts to 
« us a View as large as is the viſible Horizon: | 
But when the Sun or Moon is in an high- 
<« er Poſition, we ſee nothing between us and 
ce them (unless perhaps, ſome Clouds) and 


* For the Sun appears larger i in the Horizon, as well as the 


| & «© there= 


Moon . 
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<< therefore nothing that can preſent to our 
Imagination ſo great a Diſtance as the other 


* is. And therefore, though both be ſeen un- 
<< der the ſame Angle, they do not appear (to 


the Imagination) of the fame Bigneſs, be- 
e cauſe not fanſied at the ſame Diſtance : But 
that near the Horizon is judged bigger (be- 


ce cauſe ſuppoſed farther off ) than the fame, 
ce when at a greater Altitude.“ 
If I might be allowed to mention any Thing 
of my own, after theſe great Genius's have 


given their Opinions upon this Matter, it ſhould 
be this, vi. That I have often thought, that 
he who would give a rational Account, why 


the dun or Moon appears farther from us in the 


Horizon than in the Meridian (for that is all 
that is requiſite, towards a Solution of the ho- 
rizontal Moon, as has been already obſerved) 
ſhould firſt ſhow why that apparent azure 


Surface we call the Sky, does not ſeem to be 


an entire concave Hemiſphere, but only a Por- 


tion of ſuch an one: For our judging the Hea- 
vens to be no more than ſuch a Portion, is un- 
doubtedly the Cauſe why we judge both the 


Sun, Moon, and Stars to be farther from us 
when in the Horizon than in the Meridian; 


becauſe we have nothing elſe we can refer 


their Places to, but that. 


Now, poſlibly, the Cauſe why we think the 


Heavens of that Form may after all be only 
this, v/2. That, as the Rays which come from 
the upper Parts of that imagine Surface, the 


Sky, 
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Sky, paſs through a leſs Portion of the Atmo- 
ſphere than ſuch as come from the horizontal 
Parts of it, the Sky appears to us more diſtinct- 
ly, and generalſy more bright in thoſe” Parts 
than in the latter; and therefore, fince we 
daily obſerve that thoſe Objects which appear 
moſt 4/finF are generally ſuch as are neareſt 

to us, and alſo as bright Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear nearer to us than the ſame Objects 
when leſs ſo *, we think the upper Parts of 
the Sky nearer us than the lower. Where- 
fore, ſince we refer all the heavenly Bodies to 
this Surface, we neceſſarily imagine them far- 
ther fröm us, and conſequently larger, and 
alſo mot diſtant from each other +, when 
near the Horizon, than when they are arrived 
at their meridian Altitude. Genet 
See what has been ſaid concerning the Brightneſs of an 
Object being a Means whereby it appears nearer us, under 
Prop. z. of iM yth „ OL / 


+ The apparent horizontal Diſtance of two Stars from one 
another is obſerved to be greater, when they are in the Horizon, 


than in the Meridian. 


